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TRANSIENT RESPONSEOF FOUR-TERMINAL NETWORKS1 
WILTON ROBERT .ABBOTT 
From the Department of Electrical Engineering, Iowa State College •• 
This research is concerned with the treatment of four-terminal net-
works as a class, and the development of relationships which apply to all 
members of the class. 
There are several methods of attacking transient problems. The 
method chosen here is that of the Laplace Transform. In this method a 
function of time, t, is transformed to a function of a complex variable, s, 
according to the following transformation. 
(1) 
The following theorems give methods of carrying out the transforma-
tion (1) for certain networks without having to go through the integra-
tion process. 
The results of Theorem I are used in many places without bEnefit 
of formal proof. 
THEOREM I. If the ratio of the a-c response to the excitation in a linear 
passive network is known as a function of jw, then the .:ratio of the re-
sponse transform to the excitation transform is found by substituting s for 
jw. whe11ever there is no initial energy storage in the network. The con-
verse is ; also true. 
Networks which are passive but include vacuum tube amplifiers op-
erated class A are defined as "class A" networks. In considering such 
networks it is found that they differ from ordinary passive networks only 
by the pres~nce of unsymmetrically placed off-diagonal terms in the 
conductance matrix. The unsymmetrical terms differ from the corre-
sponding terms for the passive network by the transconductance of the 
vacuum tube. Mathematically the vacuum tube is equh;aJent .to a nega-
tive, unilateral conductance. Considering these facts, . TheOl'em II can 
be proven. 
THEOREM II. If the ratio of the a-c response to the excitation in a 
class A network is known as a funtcion of jw, then the ratio of the re-
sponse transform to the excitation transform is found by substituting s 
for jw whenever there is no initial energy storage in the circuit. The 
converse is also true. 
Theorems I and II make it possible to make use of any available 
information as to the a-c response of the network in evaluating its 
transient response. Such information for the passive network is given 
1 Doctoral thesis No. 782, submitted December 15, 1945. 
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in some detail in Guillemin2. This work needs to be scrutinized carefully 
in the class A case as Guillemin often makes use of symmetries which 
exist in passive but not class A networks. The results give several 
methods of relating the output voltage and current to the input voltage 
and current in four-terminal networks. The most useful of these rela-
tionships is given in equation 2. 
(2) 
In this equation V 1 and11 are the input voltage and current and V2 and 12 
are the output voltage and current. 
(3) II ~ B II 1 II Y22 1 II D = - Y21 Yu Y22 - Y12 Y21 Yu 
The admittance y21 is the short circuit transfer admittance at terminal 
pair 1; y11 is the short circuit input admittance at terminal pair 1; y 12 
is the short circuit transfer admittance at terminal pair 2, and y22 is the 
short circuit input admittance at terminal pair 2. 
As an example of the application of the preceding material the tran-
sient response of a shunt peaked wide band amplifier with negative 
feedback was calculated. It is known3 that with no feedback such an 
amplifier gives its best transient response when4 Q = 0.36. 
The theoretical analysis showed that with a feedback factor equal to 
G divided by the transconductance of the amplifier tube the output 
was reduced by a factor of two, the time of rise to the final value was re-
duced 45 per cent, and the overshoot past the final value was increased 
from 1 per cent to 3 per cent. This is a worth-while improvement. 
Experimental results checked very closely with theoretical results 
for the amplifier without feedback. Because of insufficient information 
concerning the equipment used it was impossible to duplicate experi-
mentally the arrangement postulated in the analysis of the amplifier with 
feedback. The discrepancy in the results was accounted for qualitatively. 
The Superposition Theorem (Theorem III) makes it possible to use 
the preceding methods when treating class A networks containing more 
than one independent energy source. 
THEOREM III. In a class A network containing several independent 
sources the response caused by all the sources acting simultaneously 
equals the sum of the responses caused by each of the sources acting 
separately. 
1 E. A. Guillemin. Communication Networks. Vol. 2. pp. 132-80. New York, John 
Wiley and Sons, Inc., 1935. 
• H. E. Kallmann, R. E. Spencer, and C. P. Singer. Transient response. Proc. Inst. 
Radio Engrs. 33: 169-95. 1945. 
• Q = LG/ C where L is the peaking inductance, G is the load conductance, and C 
is the shunt capacitance of the amplifier. 
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Thevenin's Theorem (Theorem IV) is often very useful and should 
be considered in relation to any problem which may occur. 
THEOREM IV. The current flowing in the load of a class A four-terminal 
network is the negative of the open circuit voltage divided by the sum of 
the load impedance and the reciprocal of the short circuit admittance seen 
from the output terminal pair. 
INTERPRETATION OF CHEMICAL AND BIOLOGICAL ANALYSIS 
OF VITAMIN C IN APPLES HELD UNDER VARIOUS 
CONDITIONS OF STORAGE1 
ARDATH ANNA ANDERS 
From the Department of Foods and Nutrition, Iowa State College 
In the freak storm of November 11, 1940, temperatures throughout 
Iowa dropped from a maximum of 50 degrees to a low of zero in less than 
24 hours. Ninety-five per cent of the trees in commercial apple orchards 
in 45 counties ill central, western, and southern Iowa were killed and, as 
a result, the 1941 apple crop was less than one-tenth of the 1940 crop. In 
making recommendations for replanting orchards, horticulturists advised 
the use of hardy stocks. Nutritionists felt that the food value of the fruit 
of different varieties also should be considered. Of the nutrients present 
in apples, ascorbic acid probably is one of the most important. Even 
though apples are classed as low in vitamin C, they may become an im-
portant dietary source of the nutrient when consumed in large quantities. 
To date, no comprehensive report of the dietary value of the midwestern 
apple in respect to vitamin C has been published. 
In the present investigation, an attempt has been made to evaluate 
the true nutritive value of the apple in terms of potential antiscorbutic 
potency when ingested by the human being. 
Before any of the contemplated studies could b01 made, it was 
necessary to arrive at some decision as to what represented an adequate 
sample of apples for the estimation of mean ascorbic acid content. The 
great difference in the concentrations of vitamin C of individual apples 
taken from the same tree, and the even greater differences in the ascorbic 
acid content of apples produced by different trees, showed the importance 
of using a large number of apples in a sample and of having an equal 
distribution within the samples of apples derived from different trees. 
In addition, the apples from any one tree had to represent fruit picked 
from all sides of the tree because a marked difference existed in the 
concentration of ascorbic acid in apples from the north and the south sides 
of a tree. The average concentrations of ascorbic acid in successive sam-
ples each representing both the north half and the south half of each of 
ten trees were not statistically different from each other. A sample thus 
formulated provided a good base for the study of the effect of any pro-
cessing treatment on the ascorbic acid content of this fruit. 
The concentration of ascorbic acid in 29 different varieties of apples 
when mature and freshly picked was determined. The quantity of vitamin 
C present was estimated chemically with the use of 2, 6-dichloropheno-
lindophenol. The amount of dye decolorized when a measured quantity 
1 Doctoral thesis No. 788, submitted March 19, 1946. 
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of sample reacted with an excess of dye was determined photocolori-
metrically. The results obtained show that the concentration of ascorbic 
acid in all varieties of apples studied with the exception of the Willow 
Twig and its sport, the Red Willow, is fairly low, averaging about 6 mg. 
per cent. The Willow Twig, however, as analyzed over a period of three 
years, contained quantities of ascorbic acid ranging from 19 to 23 mg. 
per 100 gm. of tissue. The data seem to indicate that the concentration 
of ascorbic acid in apples is an inherent varietal characteristic. The im-
portance of the Willow Twig apple as a source of vitamin C in the diet 
is apparent. 
Because apples have good keeping qualities, large quantities are 
stored for use during the winter months when they become one of the 
important fruits in the average dietary. Whether or not apples which 
have been held in storage are a dependable source of vitamin Chas been 
studied only in part heretofore. The relative stability of this vitamin in 
several varieties, therefore, was tested following different storage treat-
ments. The data indicate that, in general, more of the ascorbic acid 
present in the freshly picked fruit is retained when the apples are held 
at 32°F. than when the storage temperature is higher. The stability of 
the ascorbic acid in apples during storage seems to be determined by the 
variety of apple, and in some cases by the storage treatment. It was 
observed that the vitamin C content of all varieties except the Willow 
Twig decreased rapidly during the first few weeks of storage. Thereafter 
the losses were small. In direct contrast to other varieties, a significant 
synthesis of ascorbic acid oc::urred in the Willow Twig during a storage 
period of seven months. 
Whether or not analyses made in the chemical laboratory depict 
the actual nutritive value of a food has been questioned. The analytical 
method chosen in the present instance may not be specific for ascorbic 
acid if certain substances known as reductones are present. Reductones 
possess no nutritive value, but reduce the indophenol dye in the same 
manner as ascorbic acid. Furthermore, the method used measures the 
reduced ascorbic acid, but not dehydroascorbic acid, a substance also 
possessing antiscorbutic activity. For these reasons, the data obtained 
were evaluated in terms of dietary significance. It was found that small 
quantities of dehydroascorbic acid and traces of reductones may be 
present in freshly picked apples. In general, however, the error intro-
duced by the reductones seems to be offset by the dehydroascorbic acid 
present, so that actually the determination with the indophenol dye gives 
a fair approximation of the true vitamin C value of the apple. It is very 
interesting that reductones could not be detected in the Willow Twig apples 
even after they had been stored for seven months. This finding is in line 
with the conclusion that the ascorbic acid in this variety of apple is re-
markably stable. Determinations of the concentration of dehydroascorbic 
acid and reductones in other varieties after different intervals of storage 
are being made in the laboratory at the present time. It will be of con-
siderable interest to learn if • reduced concentrations of ascorbic acid 
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following storage are associated with the development of either dehydro-
ascorbic acid or reductones. 
The inherently high concentration of ascorbic acid in the Willow 
Twig indicates the possibility of producing through a breeding program 
varieties of apples as valuable as the tomato as contributors of vitamin C 
to the diet. The importance of such a program to enhance the nutritive 
value of apples is strengthened by the finding that 100 per cent of the 
ascorbic acid of the Willow Twig apple is absorbed by the human subject 
and is, therefore, available for metabolic utilization. Whether the as-
corbic acid of the apple withstands the grocesses of mastication and 
digestion has been questioned, but ascorbic acid absorption curves based' 
on the assimilation of pure ascorbic acid and an equivalent quantity of 
vitamin C in the form of apple tissue show that the chemical determina-
tion of the vitamin C concentration of this apple variety represents its 
true nutritive value. 
ECONOMIC PROBLEMS OF AN ADEQUATE DIET IN CANADA1 
JAMES R. BOWRING 
From the Department of Economics and Sociology, Iowa State College 
Measurement at the national level of the nutritional adequacy of foods 
consumed by Canadians necessitates the adoption of certain standards. It 
is obvious that no set diet would be adequate for all people. Habits, 
tastes, and customs vary too much for that. However, a range between 
minimum2 and optimum3 with allowance for alternative choices of actual 
foods can go far towards providing the measurement which is necessary, 
if talk of food deficiencies is to make sense. 
The dietary allowances adopted by the Food and Nutrition Board of 
the U. S. National Research Council in May, 1941, have been used as bench-
marks for this analysis. In.drawing conclusions from the outcome of such 
an analysis, it is necessary to appreciate the limitation imposed by a scar-
city of scientific evidence of a number of human nutritional requisites, and 
the use of national averages without appropriate stratification by income, 
occupation, and related factors. 
The results show that the average Canadian diet is deficient in those 
nutrients which can be most efficiently obtained from milk and milk 
products, green vegetables, fresh and citrus fruits. Additional evidence 
indicates deficiencies in the consumption of the protective foods group, 
which is closely related to family earnings and income distribution. 
An increased consumption of milk, and, to a lesser extent, fruits 
and vegetables in Canada during the war years was aided by increased 
production under the incentive of controlled prices, production and con-
sumption subsidies, and increased buying power. The intake of ribo-
flavin and ascorbic acid in the Canadian diet, however, was still inade-
quate. 
The supply of vegetables, fruits, and milk available for consumers 
is affected by certain common factors. These are the seasonal production 
pattern, variations in local productive capacity, the flow of imports, geo-
graphical limitations on distribution, fluctuating prices, the knowledge 
by consumers of relative food nutritive values, and the use of technologi-
cal improvements in storage, canning, freezing, and dehydration. 
The relative importance of agriculture's share in the Canadian 
national dividend is declining. This is indicated by the reduced propor-
tion of agricultural goods exported of total exports, reductions in the 
proportion gainfully employed in agriculture, and a steady decline in the 
relative importance of the physical production occupation groups com-
1 Doctoral thesis No. 787, submitted December 18, 1945. 
2 The minimum standard may be regarded as food intake sufficient to enable the 
recipient to lead a normal life without severe forms of deficiency diseases. 
3 The optimum is an ideal standard which cannot be improved upon and which 
repre~ents a diet that provides the maximum health which foods make attainable. 
[9] 
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pensated by increased importance of the service occupation groups. The 
continued absorption of surplus agricultural labor by further industrial 
expansion is necessary for the maintenance of per caput farm income. 
One of the greatest disturbing influences both within the agricultural 
industry and in its relation to the national economy has·been the variations 
in returns to farmers from year to year. The uncertainty associated with 
the variation has nutritional, sociological, and production effects. 
There are similar variations and uncertainties in food supplies avail-
able for domestic consumption in both urban and rural areas. The 
strongest influence in this regard is the net income or net wage earnings 
available for food expenditures. Basically these two questions of agri-
cultural producers' and consumers' welfare are part of the same problem. 
Given a national income and a distribution of that income which will 
enable consumers to purchase adequate food, then an increased demand 
will be reflected in increased incomes to producers. Similarly, stability 
in the demand for food will reduce fluctuations in returns to producers. 
As a large proportion of Canadian agricultural income is dependent on 
export markets, this can only be regarded, however, as a partial solution 
of the producer problem. 
Pre-war studies in Canada indicate that the major influence on the 
purchase of foods is the scale of family earnings. Marked differences 
exist between the higher and lower income groups. Food consumption 
increased during the war years as the national income and the total 
number gainfully employed increased. The existence of this potential 
demand for food has implications both nutritionally and for its probable 
effects on producers' income. 
Fluctuations in food consumption below a minimum standard can 
be prevented in major part by the maintenance of relatively full em-
ployment. Under the existing resource use, this will necessitate a con-
tinued high level of exports and the maintenance of a high domestic wage 
bill which will allow greater consumption expenditure by wage earners, 
particularly in the low income groups. In the event of business recession 
and conditions of unemployment, with decreases in real wages, the gov-
ernment should assume certain responsibilities for the maintenance' of 
food consumption, by a food subsidy program related to the cost of an 
adequate diet and the income of the consumer. This will not only slow 
up the down-swing of business activity but will remove the nation's 
health from the influences of fluctuating industrial activity and export 
trade, and add some stability to agricultural producers' income. 
Other causes of malnutrition in Canada which, while not directly 
related to income levels, are no less important, are custom and food 
habits, knowledge of relative food values, fluctuating supplies, and re-
stricted imports. The institution of a government food subsidy program 
should thus be accompanied by an extensive educational program on 
nutrition and efficient food use. Seasonal variations in the supply of 
milk, milk products, vegetables, and fruits can be reduced and their 
consumption increased by greater use of the technological advances in 
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canning, frozen foods, dehydrated products, and storage. This will also 
solve many distribution difficulties. The introduction of improvements 
in this field can be hastened by publicity and the provision of cheap 
credit, or where necessary, direct government investment. Tariffs or 
other protectionist devices which restrict in any way the maximum use 
of United States sources of supply of citrus and other fruits should be 
removed. Special feeding of the nation's children should be a govern-
ment responsibility. 
The advantages gained during the war period of a centrally directed 
food program suggest the advisability of establishing a Canadian Minis-
try of Food. This ministry would protect consumers' welfare through 
its food consumption, would coordinate production goals and food re-
quirements by outlook information and planning assistance, and direct 
food subsidy programs and educational measures deemed advantageous. 
Such a scheme would reduce nutritional deficiencies in Canadian diets, 
maintain food consumption, and while adding a certain stability to pro-
ducers' income, would create an inflationary effect during the downward 
swings of future business cycles. 
A CYTOLOGICAL STUDY OF THE COSTAL MARROW 
OF THE ADULT HORSE AND COW1 
M. Lors CALHOUN 
From the Department of Veterinary Anatomy, Iowa State College 
In view of the increasing importance of bone marrow as a diagnostic 
agent, a study of the marrow of the adult cow and horse was undertaken 
to determine the normal cytological picture. 
Fourteen head of cattle and seven horses served as experimental 
material for the study. 
The ribs were chosen as the site for procuring the marrow in both 
species. The subject may be confined in stocks or restrained against one 
side of a stall. Little or no resistance is encountered ordinarily. The back 
and side of the animal should be brushed with a grooming brush and the 
operative territory wiped with a damp cloth to remove as much dust as 
possible. The general area was palpated until the rib having the least 
amount of fascia covering it was located. A sampling study suggested 
that the best results might be obtained by entering the most anterior 
rib not covered with muscle. Practical experience proved that more 
material could be obtained by entering the rib as high as possible and 
still avoiding the latissimus dorsi and serratus posticus muscles. 
The chosen site was shaved or clipped closely, the area was washed 
with a soap solution, and iodine applied. A local anesthetic such as 2 
per cent procaine hydrochloride was administered. When anesthesia was 
complete a short incision was made in the skin and then the fascia and 
periosteum was incised. A No. 487 Goodell-Pratt hand drill equipped 
with a straight shank 3/ 32" jobber's drill was used to bore into the mar-
row cavity. A point midway between the anterior and posterior borders 
of the rib should be chosen for insertion of the drill because there is 
danger of missing the marrow cavity completely if the drill goes through 
either border. Such an accident would entail the dangers of penetrating 
the thoracic cavity. The drill "gives" when it reaches the marrow cavity. 
The drill was removed from the rib and a cannula with stilet (needle 
trocar) with the same outside diameter as the drill was inserted into the 
drill hole. The stilet was removed and an air-tight 10 cc. syringe attached 
to the cannula. One cc. or less of marrow was drawn into the syringe. 
The marrow should be more viscous than blood and greyish-red in color. 
The syringe was separated from the cannula and the marrow ejected 
into oxalate tubes. Dunham fermentation tubes had been prepared for 
the marrow since their small bore allowed the marrow and oxalate to be 
mixed more readily. One tenth of a cubic centimeter of a 2 per cent 
potassium oxalate solution per cubic centimeter of marrow was evaporat-
1 Doctoral thesis No. 785, submitted December 18, 1945. 
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ed to dryness in preparing the oxalate tubes. Blood samples were ob-
tained from the jugular vein prior to obtaining the marrow samples. 
The samples were taken to the laboratory immediately and both 
blood and marrow smears made at once. Then total red and white counts 
were done on the blood and the amount of hemoglobin determined. No 
total counts were made on the marrow sample because the dilution with 
blood appeared to invalidate the results. 
Osgood's modification of Wright's stain was used to stain the smears. 
Three hundred cells were counted in the blood differentials and 500 
enumerated for the marrow differential counts. A field was chosen in 
which there was an even distribution of nucleated cells, the cells did not 
overlap and staining was sharp. The edge of the smear was avoided and 
the cells were counted at random by going back and forth across the 
chosen area. The mitotic figures encountered per 500 cells also were 
recorded. The megakaryocytes were counted in a 300 square millimeter 
area. The myeloid-erythroid ratio was determined. Cytological studies 
were made of the marrow cellll and color comparisons were made with 
colors in the Munsell Book of Color. Colored photomicrographs were 
made of the bone marrow smears to illustrate the various types of cells 
and colored drawings of the various cells were incorporated into a plate. 
The myelogram for the cow (range and mean in per cent): stem 
cell: 0.0- 5.0, 2.14; erythroblast: 11.8-42.8, 30.26; normoblast; 7.2-39.2, 
21.69; total erythroid cells (E): 21.0-72.2, 52.66; promyelocyte: 0.0-6.8, 
1.51; neutrophilic myelocyte; 10.4-32.0, 19.39; neutrophil: 1.2-12.2, 5.73; 
eosinophilic myelocyte: 1.8-10.4, 6.69; eosinophil: 0.0-7.6, 1.92; all baso-
phils: 0.0-1.0, 0.34; total myeloid cells (M) : 19.6-60.4, 35.59; monocyte : 
0.0- 7.6, 2.64; plasma cell: 0.2-2.0, 0.79; lymphocyte: 1.4-16.8, 6.68; mega-
karyocytes in 300 sq. mm. : 0-121, 25.14; mitoses per 500 cells: 9-11, 4.9; 
myeloid-erythroid ratio (M/ E): 0.27-2.59, 0.676. 
The myelogram for the horse (range and mean in per cent): stem 
cell: 0.4-3.4, 1.6; erythroblast: 8.0-32.0, 20.94; normoblast: 5.0-24.2, 13.71; 
total erythroid cells (E): 19.0-47.6, 34.66; promyelocyte: 0.0-5.0, 1.83; 
neutrophilic myelocyte: 26.2-56.0, 38.06; neutrophil: 1.8-20.2, 13.31; 
eosinophilic myelocyte: 0.4-3.6, 2.34; eosinophil: 0.2-1.2, 0.60; all baso-
phils: 0.0-1.0, 0.60; total myeloid cells (M) : 45.0-71.6, 56.74; monocyte: 
1.2-4.8, 2.46; plasma cell: 0.0-0.8, 0.63; lymphocyte: 2.0-5.6, 3.91; mega-
karyocyte in 300 sq. mm.: 0-8, 1.71; mitoses per 500 cells: 0-8, 2.71; mye-
loid-erythroid ratio: 0.94-3.76, 1.64. 
Graphs indicated a positive correlation between the marrow neutro-
philic myelocyte and the adult neutrophil in the blood but no correlation 
between the marrow eosinophilic myelocyte and the eosinophil in the 
circulating blood. Similarly, graphs comparing the marrow red blood 
cell series to the erythrocytes in the peripheral blood suggested some 
correlation though not as striking as the neutrophil or eosinophil. In-
dividual neutrophil curves for all the animals were similar. Figures were 
not available for the horse but the neutrophil curve of the cow agreed 
favorably with those of other investigators in the field. 
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A sampling study was made at two different levels on each of five 
ribs (8th-12th) in one cow and the cell counts recorded. An analysis of 
variance of the means showed a significant variation from the mean for 
the erythroblasts, promyelocytes, and lymphocytes in the 12th rib. A 
significant positive trend was observed from the eighth to twelfth rib 
in the total erythroid cells, and the neutrophils showed a negative trend 
in the same direction. Since only one animal was used, more work along 
the same line is needed to confirm these data. 
A study was made of the healing process of the drill hole in horse 
ribs and photomicrographs made to illustrate the progress of repair. 
Repair of the bone was almost complete in 7 weeks and all external indi-
cations had disappeared long before that. 
'' ' 
NON-LACTOSE FERMENTING YEASTS AND YEAST-LIKE FUNGI 
FROM CREAM AND BUTTER1 
STANLEY H. F . CHINN 
From the Departmen t of Dairy Industry, Iowa State College 
In studying changes caused by yeast forms in dairy products, bac:. 
teriologists have given most of their attention to the lactose fermenting 
group, while the non-lactose fermenting group has been relegated to a 
more or less secondary position. This viewpoint is understandable since 
the former group usually is considered to be the cause of a number of 
undesirable changes, while the latter group is thought of as being rather 
inert and therefore of less importance. However, non-lactose fermenting 
yeasts and yeast-like fungi are known to occur in considerable numbers 
in certain samples of dairy products, and several types are known to b e 
able to cause definite changes in dairy products under some circumstances. 
This study was undertaken as an attempt to isolate and characterize 
the non-lactose fermenting yeasts and yeast-like fungi from cream and 
butter and to classify them by the use of exhaustive technics which are 
now available. 
In this study, 369 cultures of yeasts and yeast-like fungi were iso-
lated from cream and butter. One hundred and thirty~iiine of the cultures 
were obtained from 124 samples of cream, and 230 cultures were obtained 
from 203 samples of butter. Samples were taken at the four seasons of 
the year. Of the cultures isolated, 342 (92.7 per cent) were unable to 
ferment lactose and 27 (7.3 per cent) were able to ferment this sugar. 
The non-lactose fermenting organisms were separated into 28 types 
on the bases of cell morphology and dimension, sporulation, chromo-
genesis, ability to form mycelium, types of mycelial formation, carbohy-
drate fermentation and utilization, nitrogen utilization, alcohol utiliza-
tion, appearance of growth on agar slant, growth temperature, proteolysis 
on milk plates, and gelatin liquefaction. Of the 28 types recognized, '2 (3 
cultures) were placed in the genus Saccharomyces as described by Stel-
ling-Dekker (6) , 2 (41 cultures) in the genus Rhodotorula according to 
Lodder (4), 9 (81 cultures) in the genus Torulopsis according to Lodder 
(4), 2 (9 cultures) tentatively in the genus Pullularia as defined by 
Berkhout (1) , 1 (11 cultures) in the genus Trichosporon as proposed 
by Diddens and Lodder (2)' , and 12 (197 cultures) in the genus Candida 
as described by Langeron and Guerra (3) , Diddens and Ladder (2), and 
MacKinnon and Artagaveytia-Allende (5) . 
The 14 types having the characteristics of recognized species or 
varieties were identified as Saccharomyces cerevisiae (Hansen) "Press-
hefe a Delft," Rhodotorula mucilaginosa (Jorgensen) , R. mucilaginosa 
var. carbonei, Torulopsis molischiana, T. laurentii, T . rotundata, T. uvae, 
' Doctoral thesis No. 800, submitted June 10, 1946. 
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Candida krusei, C. parakrusei, C. chalmersi, C. tropicalis, C. lipolytica, 
C. flarei, and C. zeylanoides. 
Six types could not be identified definitely with previously described 
species because of minor differences in characteristics or incomplete de-
scriptions in the literature, but they may be regarded tentatively as being 
closely related to previously described species or as varieties of these 
species. 
Eight types could not be identified with previously described species. 
On the basis of correlated differences in characteristics, new specific 
designations seem warranted. However, further studies, especially com-
parisons with known cultures such as those listed by Diddens and Ladder 
(2) but not yet available, should be made before describing them as new 
species. 
Characteristics in addition to those found useful for taxonomic 
separation were studied. Lipolysis and action on litmus milk frequently 
vary within a type and are of importance to the dairy industry but 
apparently of limited taxonomic significance. No great significance can 
be attached to the colony characteristics, since irregularities occurred 
so frequently within some types. Heat resistance showed that not one 
of the cultures was able to survive 61.7° C. (143° F .) for 30 minutes. 
The action of 47 strains of representative non-lactose fermenting 
yeasts and yeast-like fungi on cream at 21 ° C. was studied, using incuba-
tion for one week. Four types developed very pronounced defects such as 
rancidity, putridness, cheesiness, and uncleanliness. Seven types develop-
ed fairly pronounced off-flavors such as moderate bitterness, moderate 
rancidity, and yeastiness. Six types caused only mild defects such as 
slightly yeasty, slightly rancid, slightly unclean, and slightly bitter flavors. 
Four types caused no defects. Slight variations of defect development 
occurred within some types. In a number of instances, where defects 
were developed, the presence of Streptococcus lactis enhanced the off-
flavors. 
The action of 47 strains of representative non-lactose fermenting 
yeasts and yeast-like fungi on unsalted butter was studied at 21 ° C. and 
at 4° C. After one week at 21° C., 2 types produced very pronounced 
defects such as rancid and cheesy flavors, 3 types developed fairly pro-
nounced defects such as unclean and moderately cheesy flavors, 8 types 
caused mild off-flavors such as slight bitterness, astringency, slight acidity, 
slight uncleanliness, and slight rancidity, and 8 types developed no defect. 
Slight variations of off-flavors occurred within some types. When the 
butter was held at 4 ° C. for one month, 1 type developed a very pro-
nounced rancid defect, 10 types caused mild defects such as slightly un-
clean, slightly acid, slightly cheesy, slightly rancid, and astringent flavors, 
and 10 types did not cause any defect. Slight variations of defect develop-
ment occurred within some types. 
Non-lactose fermenting yeasts and yeast-like fungi are distributed 
widely in cream and butter and are capable of causing pronounced de-
fects under some circumstances. 
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MEAT IN NUTRITION. XXVII. CONCENTRATION OF UREA 
NITROGEN, CALCIUM, AND PLASMA PROTEIN IN THE BLOOD 
OF PREGNANT RATS FED A DIET CONTAINING PARTIALLY 
DRIED, AUTOCLAVED PORK MUSCLE1 
DOROTHY ANN EHMKE 
From the Department of Foods and Nutrition, Iowa State College 
A disorder of pregnancy in rats resembling the so-called toxemia 
of pregnancy in human beings has been produced by dietary manipula-
tion in the Nutrition Laboratory at the Iowa State College. This dis-
order does not occur among gravid rats in the stock colony fed a ration 
composed largely of a mixture of cereal grains and milk, but makes its 
appearance regularly among pregnant females fed a semi-synthetic 
diet and containing partially dehydrated pork muscle as its chief source 
of protein, designated as Pork I. 
One of the objectives of the present investigation has been the 
assembly of the characteristic symptoms and pathological findings of 
the gestational disturbance in rats, as reported by other investigators 
in the laboratory, to relate these observations to the syndrome in other 
species including the human being, to each other, and to interpret them 
in terms of recent developments in physiology. 
The depression in total non-protein nitrogen constituents in the 
blood normally occurring in pregnancy is not characteristic of pregnant 
non-toxic pork-fed rats. Also, abnormally high concentrations of this 
fraction characterize the blood of rats fed the Pork I diet when preg-
nancy disease develops. An increased hydration of tissues is also asso-
ciat.ed with the experimental toxemia, abdominal and pleural cavities 
often containing considerable amounts of free fluid. The present investi-
gation was undertaken to determine whether an increase in urea nitro-
gen was the fraction responsible for the increase in total non-protein 
nitrogen in the blood, and whether a lowered concentration of plasma 
proteins might be responsible for the increase in moisture content of 
the tissues. Prior to the present investigation, no work had been done 
on the concentration of inorganic constituents in the blood of the toxic 
animal. In the present study, the effect of feeding the pork-containing 
diet on the concentration of serum calcium and the concentration of 
this constituent in the serum of those animals developing toxic pregnancy 
was determined. 
When young albino rats, Wistar strain A, had reached sexual 
maturity, each rat was assigned to one of four experimental groups and 
fed the specific diet chosen for that group. The groups were classified as 
follows: 
'Doctoral thesis No. 789, submitted March 19, 1946. 
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1. Virgin rats fed the regular stock colony ration, which served as 
the control diet, 
2. Virgin rats given the experimental Pork I diet, 
3. Pregnant females fed the stock ration, and 
4. Pregnant rats fed the Pork I diet. 
Blood was drawn from the abdominal aorta at the beginning of the 
twenty-second day of the second pregnancy in the case of gravid rats 
and from virgins when they were of approximately the same age as the 
pregnant animals. A portion of the blood was oxalated and used for the 
determination of the respective concentrations of urea nitrogen and 
plasma protein. The rest of the blood was allowed to clot and the con-
centration of calcium in the serum determined. At necropsy, the physi-
cal condition of the rats was noted and the organs examined in a 
systematic fashion. 
Group comparisons were made of average values for the concen-
trations of urea nitrogen, plasma protein, and s~rum calcium. These 
comparisons showed two things, i.e., the effect of pregnancy per se in both 
normal and experimental animals and the influence of the feeding of the 
pork diet to gravid and non-gravid rats. 
The results of the study are summarized below: 
A. Pregnancy per se in the normal animal was associated with: 
1. A highly significant decrease in the concentration of urea 
nitrogen in the blood, 
2. A highly significant decrease in the concentration of protein 
in the plasma, and 
3. A highly significant decrease in the .concentration of serum 
calcium; 
B . The feeding of the pork diet was associated with: 
1. A significant increase in the concentration of urea nitrogen 
in the blood of the pregnant animal over that characteristic of 
the control pregnant animal, 
2. No significant change in the concentration of urea nitrogen in 
the blood of the virgin animal, 
3. No significant change in the concentration of protein in plasma 
in either virgin or pregnant animals, and 
4. No significant change in the concentration of calcium in serum 
in either virgin or pregnant animals. 
It is important to note that the only significant change in the con-
centration of the constituents studied in the non-toxic rats, which could 
be associated with the feeding of the Pork I diet, was a lack of depression 
in the concentration of urea nitrogen in the blood of the pregnant rats. 
The concentrations of the same constituents was also determined in 
the blood of pregnant pork-fed rats that developed the toxic syndrome. 
In these animals, the concentration of urea nitrogen in the blood was 
abnormally high, the concentration of plasma protein was lower than 
that characteristic of the gravid control rats, and the concentration of 
serum calcium was higher than that in the blood of gravid non-toxic rat. 
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Thus, it can be concluded that the feeding of the diet containing 
pork does not cause abnormal changes in the concentration of plasma 
protein or serum calcium in the blood of albino rats, either in the virgin 
state or during uneventful pregnancy. Following the feeding of this par-
ticular experimental diet, however, there is clear evidence of a break in 
normal metabolic processes related to the utilization of nitrogen following 
the feeding of the pork diet. That this disturbance is a fundamental 
contributing factor to the appearance of the toxic syndrome seems 
assured because it appears in the non-toxic and toxic animal. The ex-
treme elevation of urea nitrogen in the blood of the latter, in part, may 
represent a secondary as well as a primary disorder. 
PREPARATION OF AMINO ACIDS AND DERIVATIVES AND THEIR 
EFFECT ON THE GROWTH OF LACTOBACILLUS 
ARABINOSUS1 
MARGUERITE FLING 
From the Department of Chemistry, Iowa State College 
The occurrence of d-amino acids in the hydrolyzates of antibiotics 
such as gramicidin, tyrocidini and penicillin raises the question of the 
possible effect of d-amino acids and simple derivatives on bacterial growth. 
In the work reported, isomers and racemates of alanine, valine, leucine, 
and tyrosine, and isomers of derivatives of valine, leucine, and tyrosine 
were prepared and tested for their effect on the growth of Lactobacillus 
arabinosus. 
The amino acids were tested in the presence of a synthetic medium.2 
The derivatives were tested by Carol Houck Bollenback, who used a 
natural medium and serial dilutions. Both media were complete in that 
they were capable of supporting normal growth of the organisms. Growth 
in the case of the synthetic medium was determined by titrating the acid 
produced in 72 hours. In the case of natural medium, growth was deter-
mined by visual inspection after 24 hours. 
The nutritional requirements of the organisms with respect to ala-
nine, valine, leucine, and tyrosine were determined. Leucine and valine 
were found to be essential amino acids, while tyrosine and alanine were 
accessory. These results checked those reported in the literature.2 
The isomers and racemates of alanine, valine, and leucine were 
tested at levels of 20 mg./ ml. d-Valine, dl-valine, d-leucine, and dl-leucine 
inhibited grow.th while l-valine, l-leucine, d-, l-, and dl-alanine were 
without appreciable effect. Because of their low solubility, d-, l-, and dL-
tyrosine were tested at concentrations of 6 mg./ ml. Even at this level, 
an undetermined amount precipitated out after autoclaving. The amount 
that remained in solution showed no effect on the growth of L. arabinosus. 
A concentration of 20 mg./ ml. of amino acid resulted in an increase 
in titratable acidity quite apart from that produced by the growth of the 
organisms. It was therefore necessary to correct the titers of tubes con-
taining this amount. This increase in acidity can be accounted for by the 
reaction of the amino acid and the detrose contained in the medium.3 
Tests run on from 2-20mg/ ml. of d-valine and d-leucine showed that 
these isomers were effective at lower concentrations than 20 mg./ ml. 
d-Leucine showed a gradual increase in inhibition with increase in concen-
tration over the range tested. d-Valine, on the other hand, showed no 
effect below 4 mg./ ml. Another difference in the effect of valine and 
'Doctoral thesis No. 802, submitted June 11, 1946. 
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leucine was noticed in the results obtained with the racemates. dZ-Leu-
cine had an activity equal approximately to the d-leucine it contained. 
dZ-Valine, however, had an activity approximately the same as that of 
an equal amount of d-valine. 
If sub-inhibitory amounts of d-leucine were autoclaved together 
~th a leucine-free medium, it was found that the resultant medium 
would support more growth than that of a medium in which the leucine 
was autoclaved separately and added aseptically. This effect was noticed 
in concentrations of 0.4-4.0 mg.jml. With lower concentrations, growth 
was approximately the same as in the leucine-free control, regardless of 
whether the d-leucine was autoclaved together with or separately from 
the medium. A conceivable explanation for the availability of d-leucine 
after it is autoclaved with the medium is the possibility of some race-
mization occurring in the presence of glucose at the autoclaving tempera-
ture. 
In connection with the results obtained with alanine, valine, and 
leucine, it was pointed out that d-valine and d-leucine have been isolated 
from gramicidin. Alanine isolated from this source was of the Z-configura-
tion. It was also pointed out that valine and leucine are essential amino 
acids for L. arabinosus, while alanine is accessory. This suggested that 
the cl-amino acids might compete with their specific antipodes and thus 
interfere with the growth of the organism. The activity of the dZ-amino 
acids, however, would make it seem more likely that the competition was 
not specific, but was between the d-amino acid and all Z-amino acids. 
The possible correlation between the results with d-leucine, d-valine, 
and d-alanine and the steric effect of the amino acid side chains was also 
discussed. d-Alanine, with its small methyl side chain, had no inhibitory 
activity. d-Valine and d-Zeucine, with isopropyl and isobutyl side chains, 
showed marked inhibition. This was related to the work of Bergmann 
and co-workers4 who pointed out the steric effect of voluminous side 
chains of the substrates in their studies on the antipodal specificity of 
proteolytic enzymes. In connection with this, a series of straight-chain 
amino acids were tested for their effect on L. arabinosus. The series con-
sisted of glycine, dZ-alanine, dZ-a-amino butyric acid, dZ-norvaline, and 
dZ-norleucine. All were tested at concentration molecularly equivalent 
to 20 mg.jml. of leucine. The results showed that dZ-alanine had no effect; 
dZ-norvaline and dZ-norleucine were both inhibitory to about the same 
extent; and dZ-a-aminobutyric acid was slightly inhibitory. Glycine also 
was inhibitory. The effect of glycine could be reversed by alanine or 
pyridoxine. That of d-valine and d-leucine could not. The glycine effect 
was similar to that reported by Snell and Guirard for Streptococcus lactis.5 
Optically active derivatives of valine, leucine, and tyrosine were 
prepared for the purpose of enhancing the activity of the d-amino acids. 
The derivatives tested included the d- and Z- forms of formylvaline, for-
•Bergmann, Zervas, Fruton, Schneider, and Schleich, Jour. Biol. Chem. 109, 325 
(1935). 
' Snell and Guirard, Proc. Nat. Acad. Sci. 29, 66 (1943). 
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mylleucine, glycylleucine, phthalylleucine, phthalylvaline, leucine methyl 
ester hydrochloride, valine methyl ester hydrochloride, prolylleucine, 
prolylvaline, tyrosine ethyl ester hydrochloride, N-benzoyltyrosine, N-
benzoyltyrosine ethyl ester, N-benzoyltyrosylamide, 3-aminotyrosine, and 
3-nitrotyrosine. 
Compounds not previously reported included phthalyl-d-leucine 
(m.p. 118-119°), phthalyl-d-valine (m.p. 113-114°) , phthalyl-Z-valine 
(m.p. 114-115°) , Z-valine methyl ester hydrochloride (m.p. 168° ) , d-valine 
methyl ester hydrochloride (m.p. 168°), prolyl-d-leucine (m.p. 225°) , 
prolyl-Z-valine (m.p. 221°) , prolyl-d-valine (m.p. 220°) , 3-nitro-d-tyrosine 
(m.p. 216°) , 3-amino-d-tyrosine dihydrochloride (m.p. 156-158°), and d-
tyrosine ethyl ester (m.p. 115-117°) . Specific rotations for most of these 
compounds were given. 
None of the derivatives seemed to show antipodal specificity. 3-
Amino-Z-tyrosine, 3-amino-d-tyrosine, d- and Z-leucine methyl ester hy-
drochloride, and the phthalyl derivatives of both d- and Z-valine and leu-
cine showed more activity than did d-leucine, although none of the com-
pounds were active at a concentration lower than 2 mg./ ml. 
INFLUENCE OF SOYBEANS ON THE FLAVOR OF MILK, CREAM, 
AND BUTTER, AND ON THE BODY AND TEXTURE OF BUTIER1 
JENNINGS BRYAN FRYE, JR. 
From the Department of Dairy Husbandry, Iowa State CoUege 
In 1940-41 and 1941-42, two experiments were conducted at the 
Iowa Agricultural Experiment Station: (1) to determine the time neces-
sary for cracked soybeans to produce a maximum change in the flavor 
and quality of milk and butterfat, (2) to study the variations in certain 
butterfat constants throughout a cow's lactation period, and (3) to de-
termine the feasibility of using the iodine number as a measure in ascer-
taining when a feed with a high oil content has exerted its maximum 
effect. 
FIRST EXPERIMENT 
Twenty Holstein cows of the Station herd were paired into two 
groups so that each pair was similar as to age, size, stage of lactation, 
and production. The cows were fed alfalfa hay and a grain mixture, 
which was made up of cracked corn, oats, wheat bran, bonemeal, salt, 
and either 11.1 per cent linseed meal (mixture I) or cracked soybeans 
(mixture II). Both groups were fed mixture I during the preliminary 
period (70 days). At the close of this period the animals in group 1 
continued on mixture I; while those in group 2 were changed to mixture 
II. These rations were fed continuously for 7 4 days and then reversed. 
For the remainder of the trial ( 49 days) group 1 received mixture II 
(cracked soybeans) and group 2 was fed mixture I (linseed meal). 
Individual and composite milk samples were taken in glass bottles 
and scored for flavor at regular intervals during the experiment. Usually, 
the milk was scored within six hours after being drawn from the cows. 
At periodic intervals a representative aliquot milk sample from each 
group of cows was separated. Iodine numbers of the milk fat were 
determined according to the Hanus method given by the A. 0. A. C. 
Certain cows in group 1, which received mixture I (linseed meal) 
during the first of the experimental periods, consistently produced milk 
with a rancid flavor. When the milk from these cows was excluded 
from the composite milk sample, the flavor was improved considerably. 
On the other hand, the cows in group 2, which were fed mixture II 
(cracked soybeans), consistently produced milk quite free from rancid-
ity. There was little change in the quality of the milk after the cows 
were switched to mixture I (linseed meal). However, the incidence of 
rancid milk producd by the cows in group 1 diminished after they were 
fed cracked soybeans in the latter part of the experiment. The data indi-
cated that factors other than feed were operating to cause the high 
'Doctoral thesis No. 784, submitted December 17, 1945. 
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incidence of rancidity in the milk of the cows in group 1 and that the 
individuality of the cow probably played an important role. 
The following points may be emphasized from the results of this 
experiment: 
1. The selection of cows to be used in stuqying the effect of feed on 
milk flavor should be based not only on such factors as breed, age, stage 
of lactation, etc., but also on the flavors of the milk they produce when 
fed the basal ration. 
2. When changes in fat composition are to be studied, a control 
group of cows should be carried continuously on each of the feeds being 
stuqied, for the duration of the experiment. 
3. Non-significant correlation coefficients were found between milk 
yield and fat yield, and the occurrence of feedy, oxidized, and rancid 
flavors in the milk. 
4. Highly significant negative correlations of -0.61 and -0.65 be-
tween milk and fat yields, respectively, and the occurrence of flat flavor, 
indicate that as the total milk and fat production increases the tendency 
for the production of milk having a flat flavor decreases. 
5. Likewise, a significant negative correlation of -0.52 between 
age and the occurrence of flat flavor indicates that as the age of the 
cow increases there is less tendency for the production of milk having a 
flat flavor. 
6. A non-significant correlation coefficient was found between age 
and the occurrence of feedy flavor in the milk. 
7. The correlation coefficient of 0.462, which is about .004 less than 
the significant point, indicates that the tendency to produce rancid milk 
may increase with the age of the cow. 
8. The significant negative correlation coefficient, -0.53, found 
between age and the occurrence of oxidized flavor indicates that the inci-
dence of oxidized flavor is greater in the milk of young cows than in 
that of older cows. 
9. In general, the maximum effect of a feed on fat composition, as 
measured by the iodine number, may be expected in approximately 
15 days. 
10. The data obtained indicate that a direct relationship exists be-
tween mean external temperature and the iodine number of the butter-
fat produced. 
SECOND EXPERIMENT 
In view of the results of the work just reported, the plan of the 
second experiment (1941-42) was modified in two ways. Certain features 
of the iodine number trends obtained in 1940-41 indicated the ad-
visability of carrying two control groups of cows, one for each feed 
being studied. It also indicated that the effect of feed on the flavor of 
milk might be masked by the milk of certain cows which was constantly 
of an undesirable flavor. For this reason, twelve Holstein and four 
Ayrshire cows were selected on the basis of their milk flavor from a large 
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group of cows that was fed mixture I (linseed meal) during the pre-
liminary period, and then divided into four similar lots. By the method 
of randomization the lots were subdivided into four equal groups, each 
of which was fed a predetermined grain mixture. Alfalfa hay and the 
same grain mixtures were fed at the same rates as in the first experiment. 
During the first experimental period (39 days) groups 1 and 2 
were fed, respectively, mixtures I (linseed meal) and II (cracked soy-
beans). Then the rations were reversed and fed for a period of 74 days. 
At the end of this second period the rations were again reversed and for 
56 days the cows were fed the rations previously fed in period I. Groups 
3 and 4 (control groups) were fed, respectively, mixtures I and II, for 
the duration of the experiment. 
Composite milk samples were taken in glass bottles about every five 
days from a single milking of each group of cows, then scored. Group 
aliquot samples of cream for one day were obtained at 4-day intervals, 
heated (143 ° F. for 30 minutes) to inactivate the lipases, and then scored. 
Twenty-four hours later both the milk and cream samples were scored 
again. Th~ iodine and thiocyanogen numbers of the butterfat from the 
cream also were determined. For these determinations it seemed ad-
visable to utilize composite samples of one day's milk yield to determine 
changes in fat composition rather than samples from individual milk-
ings. In order to measure possible changes in the quality of the cream 
and milk fat, pH determinations of the cream and butter serum were 
made and acid numbers of the butterfat were determined. 
The following conclusions are drawn from the second experiment: 
l. Highly significant correlations were found between the barn 
temperatures (recorded the same day, one day before, and two days 
before the samples were taken) and the iodine and thiocyanogen num-
bers of the butterfat. 
2. The barn temperature recorded one day before the samples were 
taken had a closer correlation to changes in fat composition than that 
recorded the same day or two days before. 
3. The maximum effect of feed on the changes in butterfat composi-
tion, as measured by the iodine and thiocyanogen numbers, appeared 
to be reached in approximately 20 days after the first change of feeds · 
(in the initial stages of lactation), whereas the time necessary for the 
iodine and thiocyanogen numbers to measure the full effect of the suc-
ceeding changes of feed was not indicated by the data obtained. 
4. Cows appear to adjust themselves to rations containing either 
linseed meal or cracked soybeans as 11.1 per cent of the concentrate 
mixture when fed over a long feeding period, so that the iodine numbers 
of their butterfat are of about the same magnitude with their differences 
remaining fairly constant. On the other hand, when these feeds are fed 
for a short period and then reversed it seems to disturb the fat meta-
bolism of the cows, causing the differences between the iodine numbers 
of the butterfat to fluctuate rather widely. 
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5. The changes in iodine numbers seemed to be largely dependent 
on the changes in the oleic acid content of the butterfat. 
6. Non-significant differences were found between the iodine num-
bers of the butterfat from cows alternated between the linseed meal and 
the soybean rations. 
7. A significant difference was found between the iodine numbers 
of the butterfat from cows fed linseed meal or cracked soybeans con-
tinuously throughout the experiment at the rate of 11.1 per cent of the 
concentrate mixture. The iodine numbers of the butterfat from cows 
fed the linseed meal were generally higher than those of the butterfat 
from cows fed cracked soy beans. • 
GENERAL CONCLUSIONS 
The results of the first experiment indicated that the maximum effect of 
a feed on the changes in butterfat composition, as measured by the iodine 
number, may be expected in approximately 15 days after a change of 
feeds. However, data obtained in the second experiment indicated that 
the full effect may be reached in approximately 20 days after the first 
change of feed (in the initial stages of lactation), whereas the time re-
quired for it to produce its full effect following succeeding changes of 
feed was not indicated. A comparison of the data obtained in correspond-
ing experimental periods of both experiments partially explains these 
differences. 
The data obtained in the first experimental period (January 7 to 
March 21) of experiment I corresponded fairly well with those obtained 
in the same period (December 15 to January 23) of experiment II with 
respect to the time necessary for the feeds to produce their maximum 
effect on the changes in butterfat composition. It is noted that the ex-
perimental period of the first experiment was much longer than the one 
of the second experiment. The second experimental period (March 21 to 
May 5) of experiment I and the corresponding one (January 23 to April 
7) of experiment II were similar in that the iodine numbers of the 
butterfat from the cows did not maintain the fairly constant differences 
after the second feed change which were characteristic of them after the 
first feed change. Although it did seem that the differences between the 
iodine numbers of the butterfat from the cows fed mixtures I and II 
in the first experiment became fairly constant in approximately 15 days 
after the change of feeds, this consistency was maintained for only a short 
time after the second feed change. In this case, the second experimental 
period of experiment I was much shorter than that of the second experi-
ment and as regards season and lactation period corresponded more 
nearly to the third period of experiment IL One common characteristic 
of the iodine numbers of both experiments during April and May is that 
they were more erratic with less constant differences than were obtained 
during the first experimental period. 
The relationship between air temperature changes and the iodine 
number of butterfat from cows used in both experiments was studied. 
28 JENNINGS BRYAN FRYE, JR. 
The external temperature was used in the first experiment, while barn 
temperature was used in the second one. Results obtained in the first 
and second experiments indicate that air temperature changes affect the 
iodine number of butterfat. In both experiments a closer correlation was 
found between the temperature recorded one day before the samples 
were taken and the iodine number of the butterfat than that recorded 
the same day or two days before. Also, the temperature recorded the 
same day had a closer relationship to the iodine number of the butter-
, fat than that recorded two days before. 
THE COMPOSITION OF THE WATER-SOLUBLE FRACTION 
OF SOME CERAMIC CLAY DEPOSITS OF IOWA1 
AVERILL JOHN HAMMER 
From the Department of Chemistry, Iowa State College 
The water-soluble materials in ceramic clays and shales have been of 
interest to the manufacturers and users of structural clay products for 
many years. These soluble materials cause various difficulties in the 
manufacture of the ware and are responsible for the formation of the 
white scum or efflorescence often seen on brick and tile structures. 
There are many ways by which ~oluble materials may be introduced 
into the various types of structural clay products. (a) Some materials 
originate from the products of the various reactions responsible for the 
transformation of igneous rocks into clays and shales and are present in 
the natural clay. (b) Others are introduced during the manufacture of 
the ware from the fuel used in the kiln, or from water used in processing 
the clay. (c) Others may be traced to the cement, sand, or water used 
in preparing the binder. ( d) Still others may be introduced into the 
structure from ground water or by reactions of certain constituents in 
the ware with atmospheric gases. 
The chemical composition of the water-soluble fraction of clays and 
shales and the efflorescences formed on structural clay products has been 
found to vary over wide limits. The alkali and alkaline earth metals are 
the most common among the metal constituents, while small amounts 
of iron and aluminum are usually present. Sulfur in the form of sulfate 
is the most common among the nonmetals, although nitrates, chlorides, 
borates, vanadates, and silicates have also been reported. It has almost 
universally been accepted that sulfur in the form of alkaline earth sulfates 
is the most common constituent. This has been found to be particularly 
true of the Iowa clays and shales. 
The sulfur usually occurs in the natural clay in the form of pyrite 
or one of the other sulfides of iron. These have been partially or com-
pletely oxidized to sulfate during the natural weathering processes. 
Among the various efflorescent minerals found in burned clay prod-
ucts is Epsom salt or epsomite (MgS04 • 7H20). Magnesium, therefore, 
is considered as one of the chief sulfate "carriers" and it has been found2 
that a magnesium content as low as 0.1 per cent is sufficient to cause 
scumming. 
In order to predict whether a clay will produce a ware which is 
liable to effloresce, a number of tests may be made, among which is the 
determination of the per cent of soluble salts. Several writers have de-
1 Doctoral thesis No. 781, submitted December 15, 1945. 
'Ries. Clays, Their Occurrence, Properties, and Uses. 3rd ed., p. 161. John Wiley 
and Sons, New York. 1927. 
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scribed methods of determining this. The majority of these methods 
consist of treating a weighed sample of the clay with a definite volume of 
solvent, filtering, and evaporating the solution to dryness. The weight 
of the residue is then used in calculating the per cent of soluble salts in 
the clay. 
There has been little agreement among the various writers on the 
soluble salt determination concerning certain details of the procedure 
which are known to affect the weight of soluble material extracted from a 
clay. The following factors are known to influence the weight of residue 
obtained by extraction methods: (a) the condition of the sample, e.g., 
whether dried at room temperature or at elevated temperature; (b) the 
type of solvent used for the extraction, e.g. , distilled water or a solution 
of an electrolyte; (c) the ratio of the weight of the sample to the volume 
of solvent used in the extraction; ( d) the time and temperature of diges-
tion; (e) the method of filtration; and (f) the temperature and time of 
drying the residue. 
During the examination of a series of ten Iowa ceramic clays and 
shales, data were obtained showing the variation in weights of residues 
obtained by varying the clay-water ratio during digestion. When the 
weight of sample was plotted against the per cent of soluble salts (the 
volume of water remaining constant) it was found that the values for 
per cent of soluble salts decreased rapidly as the sample was ihcreased to 
about two grams and then decreased more gradually, approaching a mini-
mum. The clay-water ratios used in these experiments were 1: 500 to 
1: 37.5. By comparing the curves obtained from the different clays, it is 
evident that no single clay-water ratio which will be suitable for all 
clays can be adopted for this determination. 
In order to determine the composition of the soluble salt fraction of 
the clays, a 125-gram portion of each clay was boiled with 6 liters of dis-
tilled water for 30 minutes in pyrex flasks. The suspension was allo:wed 
to stand for 72 hours, then one liter of the suspension was siphoned off into 
each of 5 liter flasks, treated with macerated filter paper and filtered 
through a mat of paper pulp in a Buechner funnel. The clear solutions 
were evaporated to dryness in weighed beakers and then dried at 105°-
1100 C. until the weights had become constant or the loss in weight be-
tween two successive heatings had become insignificant. The residues 
were found to lose weight gradually over a long period of time. In some 
cases heating for 65 days was necessary before the final weight was taken. 
The gradual loss in weight of the residues was found to be due prin-
cipally to the gradual dehydration of Epsom salt and gypsum. Samples of 
these minerals were heated for 23 days at 105°-110° C. ·before their 
weights had become constant. At the end of this period, the residues were 
analyzed. The results of these analyses show that under the conditions 
of the experiment, Epsom salt (MgS04 • 7H20) is converted into kieserite 
(MgS04 · H20) while gypsum (CaS04 • 2H20) is almost completely de-
hydrated. 
Analyses of the original clays were made and also the residues ob-
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tained from three successive extractions of each clay. The results of these 
analyses show that there is little or no correlation between the chemical 
composition of a clay and the composition of the residue obtained by a 
single extraction. · 
TABLE 1. 
COMPOSITION OF ORIGINAL CLAYS AND THE SOLUBLE SALTS OBTAINED BY ONE ExTRACTION 
USING A CLAY-WATER RATIO OF 1:40 
Sample Si02 R.o. Cao MgO so. 
Pct. Pct. Pct. Pct. Pct. 
A (clay) .................................. 49.91 19.34 7.01 4.35 1.27 
A (residue) ........................ .. .. 9.11 0.60 29.78 5.45 39.54 
B (clay) ............... ................... 63.28 23.78 1.20 1.41 0.06 
B (residue) ............................ 21.96 1.12 26.04 2.69 4.99 
c (clay) .................................. 61.33 25.67 0.44 1.66 0.04 
c (residue) ............................ 15.74 1.66 22.97 3.95 11.26 
D (clay) .................................. 58.33 28.06 0.82 0.6G 0.12 
D (residue) ............................ 16.97 1.84 27.88 3.44 8.52 
E (clay) .................... ... ........... 58.22 26.98 0.70 1.42 0.32 
E (residue) ............................ 22.70 1.96 20.87 2.61 6.13 
F (clay) .................................. 57.42 27.53 0.43 0.69 2.31 
F (residue) ............................ 11.89 0.97 28.26 6.28 35.65 
G (clay) .................................. 62.91 25.58 0.49' 0.58 0.45 
G (residue) ....... ..... ................ 21.20 5.96 21.99 2.82 41.29 
H (clay) .................................. 44.11 34.64 0.38 0.71 8.76 
H (residue) ............................ 6.28 16.96 12.78 3.09 35.17 
I (clay) .... ................... ............. 54.79 29.02 0.84 2.30 0.01 
I (residue) ....................... ....... 24.38 1.30 10.95 2.56 7.54 
J (clay) .................................... 31.24 12.71 16.61 9.18 0.03 
J (residue) .............................. 14.99 0.46 32.49 6.22 10.71 
A method for the calculation of the per cent of soluble salts in clays 
was developed which is based upon the soluble sulfate content. Because 
sulfur has been found to be the principal constituent in clays which causes 
efflorescence, it was thought that the per cent of soluble salts obtained in 
this determination should represent the entire soluble sulfate content plus 
the various other constituents which are invariably present. 
This method involves first, a determination of the total soluble sulfate 
content of the clay. A series of determinations is then made of the weights 
of total residues obtained by extracting the sample by different clay-
water ratios. The residues from these extractions are then analyzed for 
the per cent of sulfate sulfur. 
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It was found by Shell and Cortelyou3 that within certain ranges of 
concentrations of clay-water suspensions, the amount of soluble sulfate 
extracted is proportional to the clay-water ratio. If, then, a sufficient num-
ber of values are obtained for the weights or residues from different clay-
water ratios, the weight of residue containing the total amount of soluble 
sulfate may be calculated. The following sample calculation, applied to .a 
clay containing 0.24 per cent total soluble sulfate (as 803) illustrates the 
method. 
Total weight of soluble sulfate from a 125-gram sample: (125) (0.0024) 
= 0.3000 gm. The weight of soluble sulfate (as 803) extracted by a clay-
water ratio of 1: 40 was found to be 0.2926 gm., while the total soluble salts 
extracted by this clay-water ratio was found to be 0.7398 gm. The clay-
water ratio necessary to extract 0.3000 gm. of soluble sulfate is calculated 
(0.3000) 
as (40) = 41.0 or 1: 41. The weight of soluble salts extracted by 
( .2926) 
a clay-water ratio of 1: 41 will be (0.7398) ~:~~or 0.7583 gm. which is the 
weight of soluble salts forming the residue containing the total weight of 
soluble sulfate in the sample. , 
As most clays contain sulfur in the form of pyrite, precautions must 
be taken to prevent oxidation to sulfate during the extraction. 
' Shell and Cortelyou. Jour. Amer. Ceram. Soc. 26, 180 (1943). 
SMALL SCALE PRODUCTION AND SOME 
REACTIONS OF 2-METHYLFURAN1 
ROBERT FRANKLIN HOLDREN 
From the Department of Chemistry, Iowa State College 
Previous work in these laboratories has shown that 2-methylfuran 
can be produced by vapor phase hydrogenation of furfural over a copper 
chromite catalyst at atmospheric pressure (1). Material recoveries were 
not good. The losses presumably were due to carbonization or. adsorption 
on the charcoal carrier employed, since the apparatus used was shown to 
be gas tight. It was the purpose of the present study to improve the 
method of making methylfuran, as well as to investigate some reactions of 
this substance. 
A very active and stable copper chromite (2) could be made if, in 
the decomposition step of its preparation, the temperature was controlled 
within the range 300°-350° C. When this catalyst was distributed on 
activated charcoal in a 1: 1 ratio and placed in a laboratory hydrogenation 
unit, 90- 95 per cent yields of methylfuran were obtained in one passage 
of furfural through the catalyst. To aid in the preparation of the catalyst, 
a small kiln was constructed to permit easy control of the temperature 
in the range of 300°-350°. 
In the laboratory a 91.2 per cent over-all yield of methylfuran was 
secured in a run in which 23 grams of methylfuran were produced per 
gram of chromite used. The apparatus employed was essentially that of 
Burnette (1) . An 80.2 per cent yield was obtained in a small pilot plant 
in which 23 pounds of methylfuran were produced per pound of chromite 
used. The pilot plant design differed from the laboratory unit only in the 
respect that a dry ice trap was not used to remove methy lfuran from the 
recirculated hydrogen. 
The activity of the chromite was dependent to some extent on the 
precipitation and extraction methods used in its preparation. Optimum 
conditions for precipitation, ignition, and extraction were not determined 
even though these variables were recognized as influencing catalyst ac-
tivity. Other factors which might influence catalyst activity, but which 
were not investigated, are: (1) nature of the salts from which the cata-
lyst is made, (2) the concentration of reagents used, (3) the amounts of 
chemicals employed, and ( 4) the nature of the stabilizer used. It was 
found to be more difficult to obtain an active catalyst in large scale prepa-
rations of the chromite because of the difficulties in duplicating experi-
mental conditions. The chromite quickly deactivated if a stabilizing metal 
such as calcium or barium was not included in its preparation. 
A hydrogen to furfural ratio greater than 10: 1 was necessary for 
complete conversion of the furfural to methylfuran with one pass through 
' Doctoral thesis No. 798, submitted June 10, 1946. 
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the catalyst. During laboratory runs the catalyst temperature was not a 
critical factor in the range of 200°-250°. Since deactivation of the catalyst 
occurs at temperatures above 250°, the operating range of 200°-230° was 
preferred in order to avoid possible chance of exposing the catalyst to a 
high temperature. 
The mass rates of flow employed in the pilot unit were approximately 
three times those in the laboratory apparatus. When furfural was admitted 
to the catalyst at these high flow rates, temperature surges of 75° were 
measured because of the high heat of hydrogenation. These temperature 
rises affected subsequent hydrogenation, even though they were only of 
momentary duration. The surges could be eliminated effectively by re-
ducing the·mass rate of flow to that employed in the laboratory. 
Data gathered in the laboratory indicated that if the methylfuran was 
not removed from the recirculated hydrogen it was absorbed to some 
extent on the catalyst. It seemed possible that this vapor would have to 
be removed from the recirculated hydrogen to prevent inactivation of the 
chromite in large scale operation. Vapor pressures at 20°, 25.6° , and. 30° 
and vapor-liquid data at 738 mm. were determined on the furfural-
methylfuran system in order that the required absorption and distillation 
equipment could be installed if necessary. A modified form of the appa-
ratus of Smith and Menzies (3) was used to determine vapor pressures 
because it gave reasonably accurate results with a minimum expenditure 
of time. The apparatus used to determine vapor-liquid equilibria was 
essentially that of Othmer (4). 
Methylfuran underwent the Mannich reaction. The fact that 2,5-
dimethylfuran did not condense under similar conditions indicated that 
the reaction took place at the free alpha position in the methylfuran 
nucleus. Proof for the structure of the amine formed by the interaction of 
2-methylfuran, formaldehyde, and ethylamine hydrochloride was ob-
tained by the reaction sequence shown in the diagram. 
5-Methylfurfural (IV) was condensed with ethylamine to give the 
imino derivative (V). Reduction of V with hydrogen and Raney nickel 
gave N-(5-methyltetrahydrofurfuryl)-ethylamine (VI) in 56 per cent 
over-all yield. The crystalline 3,5-dinitrobenzoate (III) of VI was identi-
cal with that prepared from II. 
Thirteen primary and secondary amine hydrochlorides were con-
densed with methylfuran to give the corresponding Mannich bases. The 
reaction proceeded spontaneously with most of the amine hydrochlorides 
used. In the case of the primary amines, some tertiary amine was formed 
by further condensation of the initial reaction product with another mole-
cule of formaldehyde and methylfuran. The tertiary amine was isolated 
and characterized in three instances. 
Little attempt was made to find optimum conditions for the reaction. 
In one or two cases higher yields were obtained by cooling the reaction 
mixture to 30°-35° instead of allowing reflux temperatures to be reached. 
The acid-labile furan nucleus was polymerized by the hydrochlorides at 
the higher temperatures with a resulting decrease in yield. 





Methylfuran has been polymerized in chloroform solution with con-
centrated mineral acids to give brittle, yellow-brown resins that aged 
badly in air. The resins could be stabilized by hydrogenation over Raney 
nickel but this treatment did not improve their physical properties. 
Methylfuran was found to react with formaldehyde, and ammonium 
chloride to give a nitrogen containing polymer. This resin may find pos-
sible applications as an ion-exchange resin. 
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PRODUCTION OF THE 2,3-BUTANEDIOLS BY THE 
FERMENTATION OF STARCH1 
EARL R. Koo1 
From the Department of Chemistry, Iowa State College 
2,3-Butanediol is a fermentation product which has received con-
siderable attention in recent years. It can be converted to 1,3-butadiene, 
the basic material for the more important synthetic elastomers, and also 
offers many other possible uses in the synthesis of valuable organic com-
pounds. The present thesis presents studies on the production of 2,3-
butanediol by the action of Aerobacter aerogenes and Aerobacillus poly-
myxa upon appropriate substrates. 
METHODS 
The organisms used in the investigations were: Aerobacter aero-
genes B16, obtained from the American Type Culture Collection (ATCC 
No. 211); Aerobacter aerogenes B24, obtained from the culture collection 
of the Northern Regional Research Laboratory (NRRL B199); Aero-
bacillus polymyxa B25 (NRRL B510); and Aerobacillus polymyxa B32 
(NRRL B510-R18). The stock cultures of Aerobacter aerogenes were 
carried on agar slants, and the stock cultures of Aerobacillus polymyxa 
were carried on liquid media containing 5 per cent of corn and 0.5 per 
cent of calcium carbonate. The fermented media were analyzed for 2,3-
butanediol, ethanol, acetylmethylcarbinol, reducing sugars, and residual 
carbohydrate. The yields were expressed in terms of per cent of theory 
on the basis of carbohydrate utilized, and also in terms of per cent by 
weight of total carbohydrate available. 
EXPERIMENTAL RESULTS 
A. Production of 2,3-butanediol from dextrose by fermentation with 
Aerobacter aerogenes: 
The effect of the addition of calcium carbonate and the effects of 
aeration and of agitation with nitrogen were studied. The addition of 
calcium carbonate definitely increased the rate of utilization of the dex-
trose without noticeably decreasing the yield of 2,3-butanediol. Aeration 
of the medium further increased the rate of dextrose utilization, as also 
did agitation of the medium with nitrogen. In fermentations conducted 
on a large laboratory scale, 35 per cent of the weight of dextrose present 
in a 16 per cent dextrose medium was converted to 2,3-butanediol in 
93 hours. 
B. Production of 2,3-butanediol from corn by fermentation with Aer0-
bacter aerogenes: 
The possibility of utilizing brewery techniques and equipment for 
the production of 2,3-butanediol was investigated. Corn wort, prepared 
'Doctoral thesis No. 790, submitted March 19, 1946. 
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by filtration of malt-saccharified corn mash, was fermented with Aero-
bacter aerogenes. Lowering the saccharification temperature to 58° C., 
addition of manganous sulfate, and addition of malt to the fermenting 
medium effected increases in the yield of 2,3-butanediol. Thirty-five per 
cent (by weight) of the maltose present in the filtered wort was con-
verted to 2,3-butanediol in a fermentation period of 42 hours. The results, 
obtained on a semi-pilot plant scale, show a definite possibility for large-
scale production of 2,3-butanediol by adaption of brewery equipment 
and techniques to the fermentation process. 
C. Production of 2,3-butanediol from corn by fermentation with Aero--
bacillus polymyxa: 
The fermentation of unsaccharified corn mashes with Aerobacillus 
polymyxa was studied. Long periods of° fermentation led to an increase 
in the yield of acetylmethylcarbinol and a decrease in the yield of 2,3-
butanediol, particularly when the mash concentration was low. The 
weight per cent yields of 2,3-butanediol obtained from pre-thinned mashes 
containing up to 40 grams of corn per 100 ml. were nearly as high as the 
yields obtained from more dilute mashes. Nearly 30 per cent of the 
weight of the starch present in a 10 per cent corn mash was converted 
to 2,3-butanediol in 4% days. 
D. Production of 2,3-butanediol from corn starch by fermentation with 
Aerobacillus polymyxa: 
The effect of the addition of inorganic and complex organic materials 
to the medium and the effect of the physical conditions of culture were 
investigated. The addition of a complex organic source of nitrogen was 
essential for high yields of the 2,3-butanediol. By the addition of a small 
amount of potassium permanganate to a medium containing corn starch, 
calcium carbonate, and corn gluten, the yield of the diol obtained was as 
high as that obtained in the fermentation of a corn mash equivalent in 
starch content to the starch mash. Yields of 2,3-butanediol obtained were 
nearly 27 per cent by weight of starch added. 
Extensive subculturing of the organism had little effect upon the 
yields of 2,3-butanediol. Higher yields of the diol were obtained from 
mashes with high surface-volume ratios than from mashes with low 
surface-volume ratios. 
The addition of malt sprouts and brewers' yeast to the inoculum 
resulted in higher yields of 2,3-butanediol than those obtained when these 
substances were nqt added to the inooulum. 
E. Recovery of 2,3-butanediol from fermentation mashes: 
The recovery of 2,3-butanediol from fermented media by solvent 
extraction was more efficient than recovery by distillation. By extracting 
a concentrated beer with diethyl ether in a continuous counter-current 
extractor, recovery yields were about 90 per cent of the 2,3-butanediol 
present in the fermentation medium. 
REARRANGEMENT REACTIONS OF SOME AROMATIC 
SULFUR COMPOUNDS1 
GEORGE A. MARTIN, JR. 
From the Department of Chemistry, Iowa State College 
A historical survey of many rearrangement reactions of aromatic 
sulfur compounds has been given. 
A further investigation was made of the rearrangement amination 
reaction that had been previously observed. 2• 3 
o-Bromophenyl methyl sulfide was rearranged by sodamide in liquid 
ammonia in 45.5 per cent yield to m-aminophenyl methyl sulfide. o-Chloro-
phenyl methyl sulfide was rearranged with potassium amide in liquid 
ammonia in 35.4 per cent yield to m-aminophenyl methyl sulfide. Based 
on the starting material actually used in the reaction, the yields of m-
aminophenyl methyl sulfide were 57.5 per cent and 53 per cent, respec-
tively. o-Chlorophenyl methyl sulfide was prepared in 92.5 per cent yield 
by the methylation of o-chlorothiophenol. The physical constants were : 
b. p., 116.5°-117° at 15 mm.; n 0 20, 1.6067; d420, 1.2377. 
o-Bromophenyl methyl sulfone was rearranged in liquid ammonia 
with sodamide to give 15 per cent of the m-aminophenyl methyl sulfone, 
based on the starting material actually used in the reaction. o-Bromo-
phenyl methyl sulfone was prepared by the hydrogen peroxide oxidation 
of o-bromophenyl methyl sulfide in acetic acid. The yield was 94 per cent 
and the sulfone melted at 108°-108.5°. o-Chlorophenyl methyl sulfone 
was prepared in 88.5 per cent yield from o-chlorophenyl methyl sulfide; it 
melted at 93.5°-94.2°. 
2-Bromo-4-methylbenzenesulfonamide and 2-iodo-4-methylbenzene-
sulfonamide did not undergo amination with sodamide in liquid ammonia. 
Several new compounds were reported in this series of preparations. 
2-Bromo-4-methylbenzenesulfonic acid was prepared in 77 per cent yield 
from the 2-amino compound by diazotization and treatment with a hydro-
bromic acid-cuprous bromide mixture. The p-toluidine salt of this acid 
melted at 216°-218°. 2-Bromo-4-methylbenzenesulfonyl chloride melted 
at 64°-65°; methyl 2-bromo-4-methylbenzenesulfonate melted at 62°-
630 whereas the ethyl ester melted at 70°-71°. The 2-bromo-4-methyl-
benzenesulfonamide, melting at 153.5°-154.5°, was prepared in 
70 per cent yield from the crude sulfonyl chloride. 2-Iodo-4-methyl 
benzenesulfonic acid was prepared in 94 per cent yield by diazotization 
of the 2-amino compound and treatment of the diazonium salt with po-
tassium iodide. The p-toluidine salt of the 2-iodo acid melted at 227.5°-
2300. 2-Iodo-4-methylbenzenesulfonyl chloride, melting at 66°-67°, was 
1 Doctoral thesis No. 780, submitted August 27, 1945. 
2 Gilman and Avakian, Jour. Amer. Chem. Soc., 67, 349 (1945) . 
' Gilman and Nobis, ibid., 67, 1479 (1945) . 
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prepared in 83 per cent yield from the potassium 2-iodo-4-methylbenzene-
sulfonate. 2-lodo-4-methylbenzenesulfonamide melted at 165°-166° . 2-
Acetamino-4-methylbenzenesulfonic acid was prepared in 74.5 per cent 
yield by the acetylation of the 2-amino acid. The p-toluidine salt melted 
at 218°-219.5° . 
The addition products of sulfinic acids to benzalacetophenone were 
found to be excellent derivatives for several sulfinic acids. The melting 
point of these derivatives are as follows : c.o-Phenyl-c.o-benzenesulfonyl-
propiophenone, 153.5°-154.5°; c.o-phenyl-c.o- (p-toluenesulfonyl)-propio-
phenone, 169°-169.5° ; c.o-phenyl-c.o- (2-chloro-5-nitrobenzenesulfonyl)-
propiophenone, 135.6°-136.4° (dee.) ; c.o-phenyl-c.o-(2-thiophenoxy-4-nitro-
benzenesulfonyl)-propiophenone, 134.5°-136° (dec.j . Magnesium 
methylsulfinate was prepared by the treatment of methylmagnesium io-
dide with sulfur dioxide. It was identified as its derivative, c.o-phenyl-c.o-
methanesulfony lpropiophenone, which melted at 149° . . 
In cleavage reaction studies with sodamide in liquid ammonia, it 
was observed that diphenyl sulfone, diphenyl sulfoxide, and phenyl 
methyl sulfone were not cleaved. Only 78.5 per cent of the dibenzothio-
phene-5-dioxide was recovered from an attempted cleavage with soda-
mide in liquid ammonia; however, no sulfinic acid, the expected cleavage 
product, could be isolated from the reaction mixture. Ninety per cent 
of the thianthrene-9, 10-tetroxide was cleaved by sodamide in liquid am-
monia; however, again the sulfinic acid, which was an expected cleavage 
product, could not be isolated. Since no phenylenediamine was obtained 
from the cleavage it appears that both sulfonyl groups were not cleaved. 
Steric effects might have prevented derivatization of the 2-aminobenzene-
sulfonyl-2-benzenesulfinic acid, probably produced by cleavage of the 
thianthrene-9,10-tetroxide. 
Both dibenzothiophene-5-dioxide and thianthrene-9,10-tetroxide were 
produced in excellent yields, 98.5 per cent and 97 per cent, respectively, 
by the hydrogen peroxide oxidation of the parent compounds. 
4-Nitro-2-sulfinodiphenyl sulfide was observed to have a melting 
point of 117°-118°, not the 135° reported by Krishna4 . The 2-nitrothian-
threne that was prepared from 4-nitro-2-sulfinodiphenyl sulfide melted 
at 134°-135.5°, instead of 128° as Krishna4 reported. 1-lodothianthrene 
was prepared by treatment of 1-thianthrenylithium with powdered io-
dine. The yield was poor (4.6 per cent) as considerable difficulty was 
encountered in the isolation of the product. It melted at 187.5°-188.5° . 
2- and 3-Fluorodibenzofuran were prepared by treatment of the corre-
sponding diazonium compounds with fl.uoboric acid and subsequent ther-
mal decomposition of the fl.uoborates. The 2-isomer melted at 88.5°-88.8° , 
and the 3-fl.uorodibenzofuran melted at 88.5°. 
3-Aminodibenzofuran was obtained in 99 per cent yield by the 
catalytic reduction of the 3-nitro compound by hydrogen in the presence 
of Raney nickel. 2-Nitro-3-aminodibenzofuran was also reduced cataly-
•Krishna, Jour. Chem. Soc., 123, 156 (1923) . 
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tically by hydrogen in the presence of Raney nickel. The yield was 
93.5 per cent. 
The following series of new compounds was prepared in connection 
with the attempted preparation of 8-mercaptoquinoline-4-carboxylic acid. 
4-Chlorocarbonyl-8-quinolinesulfonyl chloride was prepared in 92.5 
per cent yield from 8-sulfocinchoninic acid and phosphorus pentachloride; 
it melted at 120.5°-126° . From this compound quinoline-4-carboxamide-
8-sulfonamide, melting at 273°-277° (dee.), was prepared. Also methyl 4-
carbomethoxy-8-quinolinesulfonate (m.p., 144°-147° ) was prepared from 
4-chlorocarbonyl-8-quinolinesulfonyl chloride. 4-Chlorocarbonyl-8-quino-
linesulfonyl chloride was reduced with stannous chloride in concentrated 
hydrochloric acid to give the stannic chloride complex of 8-mercapto-
quinoline-4-carboxy lic acid. This complex could not be decomposed by 
acid or base to give the free 8-mercaptocinchoninic acid. The complex was 
methylated to give 8-methylmercaptocinchoninic acid (m.p., 215°-215.5°). 
K . for this acid was 2.6 x 10-4 . Methyl 8-methylmercaptoquinoline-4-
carboxylate was prepared by the esterification of 8-methylmercaptocin-
choninic acid. Oxidation of the stannic chloride complex of 8-mercapto-
cinchoninic acid with iodine gav~ crude bis-(4-carbnxy-8-quinolyl) 
disulfide. Pure bis-(4-carbomethoxy-8-quinolyl) disulfide was prepared 
by esterification of the disulfide diacid. The ester melted at 190.5°-191.5° . 
Pure bis-(4-carboxy-8-quinolyl) disulfide was prepared by saponification 
of the diester. It melted at 289.5°-290.5° ; analysis indicated that the 
disulfide diacid was a tetrahydrate. 
Nitration of 6-methoxy-2-phenylquinoline in fuming nitric acid gave 
a dinitro compound (m.p., 214.5°-215° ) in 35 per cent yield and a 
·mononitro compound (m.p., 156°-156.5°) in 17 per cent yield. The posi-
tions of nitration have not been proven but it is believed that nitration 
occurred in the benzo ring of the quinoline nucleus. 
Nitration of 6-methoxy-2-phenylquinoline-4-carboxylic acid with 
potassium nitrate in sulfuric acid gave 9.9 per cent of a dinitro compound 
(m.p., 273°-275° dee.) and 60 per cent of a mononitro compound (m.p., 
250°-251° dee.). Decarboxylation of the dinitro compound gave the same 
dinitro product that was obtained by nitration of 6-methoxy-2-phenyl-
quinoline. 
6-Methoxy-2- ( m-nitrophenyl) quinoline-4-carboxylic acid was found 
to decarboxylate in 3.5 per cent yield when heated with copper bronze 
at 285° for three hours. 
2-Nitro-4-aminoanisole was prepared in 60 per cent yield by the 
nitration of p-anisidine. 
Benzal-3-nitro-4-methoxyaniline (m.p., 93.5°-94°) was prepared in 
82 per cent yield by the condensation of benzaldehyde with 2-nitro-4-
aminoanisole. Treatment of benzal-3-nitro-4-methoxyaniline with pyru-
vic acid did not give a nitro-6-methoxy-2-phenylquinoline-4-carboxylic acid 
but gave rather a-phenyl-N-(3-nitro-4-methoxyphenyl) a', W-diketopyr-
rolidine-W- (3-nitro-4-methoxyphenyl) anil. This compound melted at 
231°-232° . 
HIGH-MOLECULAR WEIGHT COMPOUNDS OF NITROGEN 
AND SULFUR AS THERAPEUTIC AGENTS1 
SAMUEL PROCTOR MASSIE 
From the Department of Chemistry, Iowa State College 
The large amount of lipoidal tissue present in certain strains of 
bacteria, such as the tubercle bacillus, suggested that the introduction 
into potentially physiologically-active substances of groups which would 
be lipoidal-soluble might give rise to valuable medicinals. This thought 
initiated the study and preparation of high-molecular weight compounds 
of nitrogen and sulfur as therapeutic agents. 
General reviews of the chemotherapy of malaria and tuberculosis 
have been made, in addition to a survey of the physiological properties and 
therapeutic uses of compounds containing high-molecular weight aliphatic 
I groups. 
Two molar equivalents of dibutylamine and one molar equivalent of 
alkyl bromide were heated at 140°-155° for ten hours to give the follow-
ing dibutylalkylamines: dodecyl2 (68 per cent), b.p. 158°-160° (3.0 mm.); 
20 20 
n 0 1.4471; d20 0.8073; tetradecyl (76 per cent), b.p. 178°-180° (3.0 mm.); 
20 20 
no 1.4480; d20 0.8046; hexadecyl (81 per cent), b.p. 203°-205° (4.0 mm.); 
20 ?O 
no 1.4500; d20 0.8150; octadecyl (79 per cent), b.p. 204°-207° (3.0 mm.); 
n
2g 1.4513; d;~ 0.8192, becoming slightly turbid on standing. Dibutylam-
inomethyl butyl ether was cleaved by dodecylmagnesium bromide to give 
dibutyltridecylamine (52 per cent) ,. b.p. 120°-122° (0.1 mm.); n 2g 1.448; 
d;~ 0.809; methiodide. m.p. 52.0°-52.5°. The preparation of octadecyl-
chloride (87 per cent) 3" and trio::tadecylamine (52 per cent) 3b is also 
given. 
Rearrangement has been shown to occur during the reaction between 
a-bromonaphthalene and lithium didodecylamide, ~-N,N-didodecyl­
laminonaphthalene (42 per cent) being obtained. This rearrangement is 
similar to that observed in the reaction between a-halogenonaphthalenes 
and lithium diethylamide to form ~-diethylaminonaphthalene.4 ~-Naph­
thylamine (3 equivalents) and dodecyl bromide gave ~-N-dodecylamin­
onaphthalene (83 per cent) 5 , m.p. 41°-1!3°. Condensation of this second-
ary amine with dodecyl bromide gave ~-N,N-didodecylaminonaphthalene 
'Doctoral thesis No. 797, submitted June 10, 1946. 
'German Patent, 611, 283 (1935) [C.A., 29, 4022 (1935)]. 
• (a) McCorkle, M. R., Doctoral Dissertation, Iowa State College (1938); (b) Hoyt, 
F. W., Doctoral Dissertation, Iowa State College (1940). 
•Gilman, Crounse, Massie, Benkeser, and Spatz, Jour. Amer. Chem. Soc. 67, 2106 (1945). 
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Table 1 
MELTING POINT OF AMINE DERIVATIVES 
Derivatizing 
I 
C14 derivative [ C,. derivative Mixed m.p. 
Derivative Agent m.p. and yield m.p. and yield (C1.1 and C1G) 
I 
Benzenesulfonamide Benzenesulfony 1 66°-67° (79<ft ) 710_720 (92 % ) 62°-64° 
chloride 
Dithiourea Carbon disulfide 80°-81° (92% ) 370_330 (quan.) 6 730_790 
Oxalamide Ethyl oxalate 118°-119° (79% ) 119°-120° (87% ) 115°-116° 
Pheny lthiourea Phenyl isothiocyanate 77.5°-78° (86% ) 82°-82.5° (94% ) 75°-76.5° 
Urea Potassium cyanate 112°-113° (88 o/c ) 7 106°-107° (92 % ) 104°-105° 
' Arnold and co-workers, Ber., 74, 1372 (1941). 
'Buck, Hjort, Ide, and deBeer, Jour. Amer. Chem. Soc., 60, 461 (1938). 
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(37 per cent) ) b.p. 255°-260° (0.5 mm.); n 2g 1.531; d;g 0.911; hydro-
chloride, m.p. 94°-95° . A mixed melting point of the hydrochlorides from 
the two preparations of ~-N,N-didodecylaminonaphthalene showed no 
depression. o-Chlorophenyl dodecyl ether and lithium diethylamide in 
diethyl ether solution did not r eact on refluxing for 24 hours. 
Tetradecylamine and hexadecylamine were purified by conversion 
to their hydrochlorides, followed by n eutralization and distillation. Sev-
eral derivatives of these amines were prepared. (Table 1) . 
The benzenesulfonamides are recommended as derivatives for tetra-
decylamine and hexadecylamine. 
6-Chloro-5-nitroquinoline and sodium methyl mercaptide in methyl 
cellosolve at room temperature gave 5-nitro-6-quinolyl methyl sulfide 
(94 per cent) , m .p . 138.5°-139°; at reflux temperature a very low yield 
of impure product was obtained. 6-Chloro-5-nitroquinolin~ and sodium 
dodecyl mercaptide in methyl cellosolve at room temperature for two 
and three-quarters hours and then at 60°-65° for two hours gave 5-nitro-
6-quinolyl dodecyl sulfide (80 per cent) , m.p. 44°-45° ; this was reduced 
with Raney nickel catalyst to 5-amino-6-quinolyl dodecyl sulfide (76 per 
cent) , m.p. 59°-60° ; acetamido derivative, m.p. 121°-122° ; dihydrochlor-
ide, m.p. 156°-157°. This amine would not react with salicylaldehyde, 
acetonylacetone or E-isopropylaminopentyl chloride hydrochloride. 
8-Acetamido-6-chloro-5-nitroquinoline and sodium methyl mercap-
tide in refluxing methyl cellosolve gave 8-amino-5-nitro-6-quinolyl methyl 
sulfide8 (88 percent) , m .p . 243 °-244°. 8-Acetamido-6-chloro-5-nitroquin-
oline and sodium dodecylmercaptide in refluxing methyl cellosolve yielded 
8-amino-5-nitro-6-quinolyl dodecyl sulfide (93 per cent), m.p. 89.5°-90.5° ; 
acetylation with acetic anhydride and acetic acid gave 8-acetamido-5-
nitro-6-quinolyl dodecyl sulfide (94 per cent) , m.p. 67°-68°. Reduction 
of this product with Raney nickel catalyst at the temperature of steam 
gave 8-acetamido-5-amino-6-quinolyl dodecyl sulfide (80 per cent) , m.p. 
77°-78°, but the reduction product analyzed low for sulfur. This reduc-
tion product was acetylated with acetic anhydride and acetic acid to 5,8-
diacetamido-6-quinolyl dodecyl sulfide, m.p. 126°-127° . 
The preparation of 2-hydroxy-6-methoxylepidine (87 per cent), 2-
chloro-6-methoxylepidine (72 per cent) and 6-methoxylepidine hydrate 
(98 per cent) is given.n 2-Chloro-6-methoxylepidine and sodium dodecyl 
mercaptide in refluxing methyl cellosolve gave 6-methoxy-4-methyl-2-
quinolyl dodecyl sulfide (70 per cent), m.p. 73°-74°. 4,7-Dichloroquinoline 
and sodium dodecyl mercaptide yielded 7-chloro-4-quinolyl dodecyl sul-
fide (87 per cent), m.p. 59°-60° . 
1-Diethylamino-2,3-epoxypropane was cleaved with sodium dodecyl 
mercaptide in refluxing toluene to give 3-diethylamino-2-hydroxypropyl 
' Butterworth and Hey, Jour. Chem. Soc., 388 (1940) . 
• Gilman and co-workers, Jour. Amer. Chem. Soc., 68 (July, 1946). 
' Private communication, Dr. K. N. Campbell, University of Notre Dame, South 
Bend, Ind. 
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20 20 dodecyl sulfide (54 per cent), b.p. 151°-152° (0.2 mm.); n n 1.4739; d2o 
0.9049. The corresponding sulfoxide and sulfone could not be prepared 
by oxidation with hydrogen peroxide in acetic acid. 3,4-Epoxybutene-l 
was cleaved by sodium dodecyl mercaptide to give 2-hydroxy-3-butenyl 
20 ?O dodecyl sulfide (77 per cent), b.p. 135°-137° (0.2 mm.); n n 1.4802; d2o 
0.9068; this product did not form an addition product with gold trichloride 
or platinum chloride. 3,4-Epoxybutene-1 and sodium hexadecyl mercap-
tide yielded 2-hydroxy-3-butenyl hexadecyl sulfide (84 per cent), b.p. 
163°-164° (0.15 mm.); m .p. 26.5°-27.5°. Styrene oxide and sodium dode-
cyl mercaptide gave 2-phenyl-2-hydroxyethyl dodecyl sulfide (61 per 
cent), b.p. 178°-180° (0.2 mm.); n 2g 1.5130; d;g 0.9062; methiodide, an 
oil. Styrene oxide and sodium hexadecyl mercaptide yielded 2-phenyl-2-
hydroxyethyl hexadecyl sulfide, (58 per cent) , b.p. 220°-221° (0.3 mm:); 
20 20 
n D 1.5070; dzo 0.9431. 
Phenacyl dodecyl sulfide (85 per cent), b .p. 174°-178° (0.32 mm.); 
m .p. 34°-35° , was obtained from phenacyl bromide and sodium dodecyl 
mercaptide. This compound was also prepared in 35 per cent yield by the 
oxidation of 2-phenyl-2-hydroxyethyl dodecyl sulfide, using aluminum 
isopropoxide and cyclohexanone in refluxing toluene. The identity of 
the two products was proved by a mixed melting point of the 2,4-dinitro-
phenylhydrazone, m.p. 80°-81°. This proof of structure showed that in 
basic solutions epoxides are cleaved by mercaptides to give secondary 
alcohols rather than primary alcohols. 
A mixture of myristonitrile and tetradecyl mercaptan, saturated with 
anhydrous hydrogen chloride, yielded tetradecylimido tetradecyl sulfide 
hydrochloride (65 per cent), m.p. 72°-73°. Laurophenone and phos-
phorus pentachloride formed 1-phenyl-1-chlorododecene-1 (88 per cent), 
b.p. 138°-140° (0.3 mm.); n2~ 1.515; d;g 0.9647. Dodecylmercuric bro-
mide,10 prepared in 71 per cent yield from dodecylmagnesium bromide 
and mercuric bromide, and sodium thiosalicylate gave o-dodecylmercuri-
mercaptobenzoic acid,11 (15 per cent), m .p. 72° . 
Picolinic acid (52 per cent), m.p. 135°-136°, from the oxidation of 
a-picoline by aqueous potassium permanganate, was esterified with 
ethanol using anhydrous hydrogen chloride to give ethyl picolinate (73 
per cent), b.p. 135°-136° (18 mm.) . Condensation of this ester with ethyl 
acetate using sodium ethoxide yielded methyl 2-pyridyl ketone12 (75 per 
cent) , b .p. 79°-80° (10 mm.) . Reaction of this ketone with isatin in 
ethanolic potassium hydroxide solution gave 2-(2'-pyridyl) cinchoninic 
acid (81 per cent), m .p. 302°-303°. This acid was esterified with ethanol 
and sulfuric acid to give ethyl '2-(2'-pyridyl) cinchoninate (85 per cent), 
m.p. 71°-72°. 
10 Meals, R. N., Doctoral Dissertation, Iowa State College (1942) . 
u Rumpf, Bul. Chim., 9, 661 (1942) [C.A., 38, 2951 (1944)]. 
12 Gilman, Tolman, and Massie, Jour. Amer. Chem. Soc., 68, (July, 1946). 
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The preparation of 6,7-methylenedioxy-2-phenylcinchoninic acid by 
the following synthesis13 gave low yields: piperonal -') 2-nitropiperonal 
-') 5,5',6,6'-dimethylenedioxyindigotin -') 3,4-methylenedioxyisatin -') 6,7-
methylenedioxy-2-phenylcinchoninic acid. The following synthesis gave 
better results. 3,4-Methylenedioxynitrobenzene, obtained in 14 per cent 
yield as a side-product in the nitration of piperonal, was hydrogenated with 
Raney nickel catalyst to give 3,4-methylenedioxyaniline (90 per cent), 
b .p . 97° (0.2 mm.); condensation of this amine with benzaldehyde gave 
3,4-methylenedioxy-N-benzylideneaniline (96 per cent), m.p. 49.5°-50.5°. 
This anil was condensed with pyruvic acid in refluxing methanol to give 
6,7-methylenedioxy-2-phenylcinchoninic acid (48 per cent), m.p. 250°-
2520. The identity of the acids prepared by the two methods was proved 
by a mixed melting point of methyl 6,7-methylenedioxy-2-phenylcinchon-
inate, m.p. 132°-133° . 
1-Diethylamino-4-aminopentane was condensed with several deriva-
tives of benzaldehyde to give a series of anils.14 Two moles of acetic an-
hydride and phenothiazine with aluminum chloride in carbon disulfide 
gave (-) , (-)-diacetylphenothiazine (18 per cent) , m.p. 253°-254° and 
N-acetylphenothiazine (18 per cent) . The acetyl groups in the diacetyl-
phenothiazine could not be hydrolyzed in the usual manner, thus showing 
that neither group was on the nitrogen atom. 
Dibutylamine and formic acid gave dibutylformamide (92 per cent), 
b.p. 76°-78° (0.25 mm.); n 2g 1.4435; d;g 0.8932. Ethyl crotonate and N-
bromosuccinimide in refluxing carbon tetrachloride yielded ethyl y-bro-
mocrotonate (82 per cent) , b.p. 66°-67° (0.3 mm.); n~ 1.492. 3-Diethyl-
amino-2-hydroxybutyronitrile (62 per cent) , b.p. 99°-100° (0.6 mm.) , was 
prepared from 3-diethylamino-2-hydroxypropyl chloride, obtained from 
the condensation of epichlorohydrin with diethylamine, and potassium 
cyanide. 
Complete physiological reports on these compounds are not avail-
able, but none of the compounds on which reports have been received 
has shown any significant therapeutic value. 
1
' Private communication, Dr. R. C. Elderfield, Columbia University, New 
York, N. Y. 
" Gilman and Massie, Jour. Amer. Chem. Soc., 68, 908 (1946). 
FLUORINE AND SULFUR QUINOLINE DERIVATIVES AS 
ANTIMALARIAL AGENTS1 
LEO LovELAND TOLMAN 
From the Department of Chemistry, Iowa State College 
A number of compounds that are closely related to known anti-
malarial agents have been synthesized. The chief object of this investiga-
tion has been the correlation of chemical constitution with antimalarial 
activity. 
A series of aliphatic diethylaminoalkyl chloroalkyl sulfides was pre-
pared by the following reactions: 
(C2H5) 2N (CH2) nCl + NaS (CH2) mOH~ (C2H5) 2N (CH2) nS (CH2) mOHl 
SOC12 
(C2H5) 2N (CH2) nS (CH2) mCl ~------
The compounds synthesized by this method were y-diethylaminopropyl 
y-hydroxypropyl sulfide (fi.p. 126°-129° / 0.1 mm.) , y-diethyiaminopropyl 
y-chloropropyl sulfide (b.p. 95°-97° / 0.1 mm.; n 2g 1.4890; d! 0 0.9980), 
y-diethylaminopropyl ~-hydroxyethyl sulfide (b.p. 100°-102° / 0.1 mm.), 
and y-diethylaminopropyl ~-chloroethyl sulfide (b.p. 71°-75° / 0.1 mm.). 
These chlorosulfides were condensed with the appropriate aromatic amine 
to give the following compounds: 8-[y-(y'-diethylaminopropylmercap-
to)-propylamino]-6-methoxyquinoline (b.p. 215°-220° / 0.1 mm.), the di-
hydrochloride (m.p . 128°-130°); 8-[~-(y-cliethylaminopropylmercapto)­
ethylamino]-6-methoxyquinoline (b.p. 205°-210° / 0.1 mm.), the dihydro-
chloride (m.p. 164°-165°); 3-[y-(y'diethylaminopropylmercapto)-propyl-
amino]-trifluoromethylbenzene (b.p. 173°-175°/0.1 mm.), and the dihy-
drochloride (m.p. 123°-124°). The reaction of y-chloropropyl bromide and 
sodium ~-hydroxyethyl mercaptide gave an 85 per cent yield of ~-hy-
20 20 droxyethyl y-chloropropyl sulfide (b.p. 93°-96° / 0.1 mm., n 0 1.5140, d4 
1.1766). The acetylation of this hydroxysulfide gave ~-acetoxyethyl y-
20 20 
chloropropyl sulfide (b.p. 86°-87° / 0.1 mm. n 0 1.4879, d4 1.1531). 
~-Diethylaminoethyl mercaptan and y-diethylaminopropyl mercaptan 
were prepared by the reaction of the corresponding chloride with aqueous 
sodium hydrosulfide. The following derivatives of these mercaptans were 
prepared: ~-diethylaminoethyl mercaptan hydrochloride (m.p. 170°-
1720), ~-diethylaminoethyl 2,4-dinitrophenyl sulfide hydrochloride (m.p. 
187°-188°), and y-diethylaminopropyl 2,4-dinitrophenyl sulfide hydro-
chloride (m.p. 143°-145°). 
~-Diethylaminoethyl y-aminopropyl sulfide was prepared by the 
1 Doctoral thesis No. 779, submitted August 27, 1945. 
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Gabriel synthesis from y-bromopropylphthalimide and ~-diethylamino­
ethyl mercaptan. This aminosulfide was condensed with 6,9-dichloro-2-
methoxyacridine in phenol to give 9-[ y- (~-diethylaminoethy lmercapto) -
propylamino]-6-chloro-2-methoxyacridine (m.p. 62°-64° )", and the di-
hydrochloride (m.p. 252°-254°). The condensation of ~-diethylamino­
ethyl y-aminopropyl sulfide and acetonylacetone gave ~-diethylaminoethyl 
y- (2,5-dimethyl-l-pyrryl)-propyl sulfide. 
The Skraup synthesis with 3-trifl.uoromethyl-4-nitroaniline gave 7-
trifl.uoromethyl-6-nitroquinoline (m.p. 164°-165°). The structure of this 
product was established by a stannous chloride reduction of the nitro 
compound to 7-trifl.uoromethyl-6-aminoquinoline (m.p. 154°-155°), and 
then the deamination of this amine to give 7-trifl.uoromethylquinoline. The 
7-trifl.uoromethylquinoline picrate (m.p. 220°-221° ) was compared with 
an authentic specimen (mixed m.p.). Acetonylacetone and 7-trifluoro-
methyl-6-aminoquinoline gave 7-trifl.uoromethyl-6- (2,5-dimethyl-l-pyr-
ryl) -quinoline (b.p. 135°-138° / LO mm., m.p. 86°-87°); picrate (m.p. 
263°-265°). The condensation of 7-trifl.uoromethyl-6-aminoquinoline and 
y-diethylaminopropyl chloride hydrochloride gave an oil which could not 
be purified by distillation, but a picrate (m.p. 236°-238°) was prepared. 
p-Bromophenyldimethylarsine was prepared in rather large quanti-
ties from p-bromoaniline by the following series of reactions: 
Bart PC13 
p-BrCnH4As03H2 ~ p-BrC6H 4AsCb --, 
Reaction 
CH3Mgl p-BrC6H 4As (CHa) 2 +-----------· 
p-Bromophenyldimethylarsine reacts readily with lithium to give the 
organolithium compound in good yield; the formation of the Grignard 
reagent from this bromide was slow, but the yield was good. p-Lithio-
phenyldimethylarsine was added to a series of quinoline derivatives to 
give the following compounds: dimethyl-p-(dihydro-2-quinolylphenyl)-
arsine (b.p. 185°-190° / 0.55 mm.}; dimethyl-p- (2-quinolylphenyl)-arsine 
(m.p. 65°-66°), the picrate (m.p. 172°-173°); dimethyl-p- (8-methyl-2-
quinolylphenyl)-arsine (b.p. 129°-130° / 0.1 mm.), the picrate (m.p. 129°-
1300); dimethyl-p- (7-methyl-2-quinolylphenyl)-arsine (b.p. 140°-145° / 
0.15 mm.), the picrate (m.p. 177°-177.5°); dimethyl-p-(6-chloro-2-quino-
lylphenyl)-arsine (m.p. 123.5°-124°), the picrate (m.p. 149°-150°); and 
dimethyl-p- (5,6-benzo-2-quinolylphenyl)-arsine (m.p. 266°-168°), the 
picrate (m.p. 176°-178° ). The reaction with pyridine gave dimethyl-p-
(2-pyridylphenyl)-arsine (b.p. 155°-159° / 0.1 mm.); the picrate (m.p. 
150°-151°). The reaction with 3-cyanoquinoline gave a product which 
could not be purified. p-Dimethylarsinophenylmagnesium bromide and p-
dimethy laminobenzaldehyde gave p-dimethy laminopheny 1-p' -dime thy lar-
sinopheny lcarbinol (m.p. 89°-90°). 
The reaction of p-dimethylaminophenyllithium and 3-cyanoquinoline 
gave p-diethylaminophenyl 3-quinolyl ketone (b.p. 210°-240° / 0.1 mm., 
m.p. 147°-148°); the oxime (m.p. 247°-249°). 
• 
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Ethyl 3-quinolinecarboxylate was prepared 'from the acid using hy-
drogen chloride and absolute ethanol in 65 per cent yield. Methanolic 
hydrogen chloride and 3-cyanoquinoline gave methyl 3-quinolineimido-
carboxylate (m.p. 195°-196°). The reaction of this imino ether with am-
moniacal methanol failed to give the expected amidine. Ethyl 3-quino-
linecarbonyl acetate (m.p. 85°-87°) was prepared from the condensation 
of ethyl 3-quinolinecarboxylate and ethyl acetate with sodium ethoxide. 
Treatment of this ~-keto ester gave methyl 3-quinolyl ketone which was 
brominated to give b,romomethyl 3-quinolyl ketone hydrobromide. The 
reaction of this bromide with 6-methoxy-8-aminoquinoline gave 6-meth-
oxy-8-quinolylaminomethyl 3-quinolyl ketone (m.p. 268°-269°). 
An attempt to prepare 3-aminoquinoline from 3-bromoquinoline and 
sodamide in liquid ammonia failed . 3-Aminoquinoline was prepared from 
3-bromoquinoline, concentrated ammonium hydroxide, and copper sulfate 
in a steel bomb at 190°. A series of aminoquinoline derivatives was con-
densed with y-diethylaminopropyl halide to give the following compounds: 
3-(y-diethylaminopropylamino)-quinoline (b.p. 160°-195° / 0.5 mm.)' 
5-( y-diethylaminopropylamino )-8-methylquinoline (b.p . 175°-195° / 1.0 
mm.)' and 5-(y-diethylaminopropylamino)-6-methylquinoline (b.p. 160°-
1700 / 1.0 mm.). The condensation of y-diethylaminopropyl chloride and 
3-amino-9-ethylcarbazole gave 3- ( y-diethylaminopropylamino )-9-ethyl-
- carbazole (b.p. 260°-265° / 1.0 mm.). The reaction of y-diethylamino-
propyl chloride with carbazole at 200° in a sealed tube gave no product. 
This chloride and 9-carbazyllithium also failed to react. 
p-Chlorophenylhydrazine was prepared and condensed with ace-
tonylacetone in acetic acid to give 1-(p-chloroanilino)-2,5-dimethylpyrrole 
(m.p . 88°-89° ) . 
The results of the pharmacological tests, which were carried out 
under the auspices of the United States Government, are restricted. Ac-
cordingly, publication of such results must wait on future release. 
COAGULATION OF COLLOIDS BY ELECTROLYTES AS A 
FUNCTION OF CHARGE AND RELATIVE 
CONCENTRATIONS1 
ELIZABETH FOLGER TuLLER 
From the Department of Chemistry, Iowa State College 
Numerous investigations have been made of the relationship of the 
concentration of hydrophobic colloids to the coagulation value of an 
added electrolyte. Burton and Bishop2 formulated a rule stating that the 
coagulation values of univalent ions increase with a decrease in sol 
concentration, of divalent ions are nearly independent of sol concentra-
tion, and of trivalent ions vary directly with the sol concentration. How-
ever, the hydrous oxide sols have been reported to be exceptions to this 
rule unless they were very pure. 
The purpose of the present investigation was to study quantitatively 
the relationship of the Burton-Bishop rule to the purity of hydrous ferric 
oxide, a typical hydrous oxide. Some attention was also paid to the effect 
of aging and of the method of preparation of the colloid. Most of the 
study was based on the Sorum sol, prepared by dropping ferric chloride 
into boiling distilled water. The sols were purified by dialysis with cello-
phane tubing; the purities of the sols were calculated in terms of the 
ratio of the equivalents of iron to the equivalents of chloride. Data are 
given for the characteristics of the membrane on the basis of membrane 
thickness, specific water content, and rate of fl.ow of water. 
The course of agglomeration, defined as the collision and adhesion 
of colloidal particles, was followed by the change in transmission of light 
as measured by the KWSZ photometer. Coagulation was defined as that 
point of maximum agglomeration which ultimately would result in sedi-
mentation. The time at which the direction of the change of light trans-
mission reversed was taken as the time of coagulation and denoted as the 
critical time (t0). At the critical time, floes were visible but sedimentation 
was not apparent. 
The critical time, within limits, is an exponential function of the 
concentration of electrolyte; i.e., the logarithm of critical time is a linear 
function of the concentration of the electrolyte. This linear relation is 
found only for relatively small values of the critical time and is indicative 
of rapid coagulation. Critical times greater than about 45 minutes were 
indicative of slow coagulation. 
In the coagulation of hydrous ferric oxide sols with electrolytes 
containing a dominating univalent ion, the straight lines, obtained by 
'Doctoral thesis No. 795, submitted June 10, 1946. 
• Burton, E. F ., and Bishop, Miss E. 1920. Coagulation of colloidal solutions by 
electrolytes. Influence of the concentration of the sol. Jour. Phys. Chem. 24, 701-15. 
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plotting the logarithm of critical time against concentration of electrolyte, 
for different sol concentrations, intersect except in cases of highly puri-
fied sols, when the lines tend to be parallel. The slopes of the lines were 
determined from the relation 
c = m log tc - b 
where c is the concentration of the electrolyte. The intercepts of these 
lines with the y-axis are indicative of the order of the coagulation values 
for different sol concentrations up to the point of their intersection. The 
order of the slow coagulation values may be, but is not necessarily, the 
inverse of the rapid coagulation. With potassium and sodium chloride, the 
order of the rapid coagulation values, as indicated by the intercepts, in-
creased with a decrease of the sol concentration except for a scrambling 
effect at purities of about 50 to 150. However, the order of slow coagula-
tion values was in agreement with the Burton-Bishop relation only 
when the sol purity was 250 or higher. 
The straight lines for different sol concentrations when potassium 
sulfate was employed are parallel, indicating that their order in rapid 
and slow coagulation is the same. An examination of the intercept values 
shows that there is a slight decrease of the coagulation values for low 
sol concentrations and a slight increase at higher concentrations. That 
is, the potassium sulfate has a slight tendency to behave as an electrolyte 
with a dominant univalent ion for low sol concentrations and as though 
it were trivalent for higher concentrations. The coagulation values thus 
are in accord with the Burton-Bishop rule indicating an intermediate 
position between the behavior of univalent and trivalent ions and a 
tendency toward being independent of the sol concentration. 
Since potassium ferricyanide caused gelation as well as coagulation of 
the sol, a complete series of sols of different purities could not be investi-
gated. Sufficient data were obtained, however, to show that the straight 
lines, obtained as before by plotting the logarithm of critical time and 
concentration of electrolyte, are parallel for different sol concentrations. 
The order of the intercept values indicated that the coagulation values 
of the electrolyte decreased with a decrease in sol concentration, which 
is in accord with the Burton-Bishop rule. 
Further investigation should be made of the reason for the scrambling 
effect noted for certain purities of the sol when coagulated by sodium 
chloride and potassium chloride. Investigation also should be made of 
the slight tendency of potassium sulfate to show coagulation behavior 
typical both of univalent and of trivalent ions, depending on the concen·· 
tration of the sol. 
A SOLUTION OF A RECTIFIER FILTER CIRCUIT 
WITH A CAPACITIVE INPUT1 
D. L. W,.i.IDELICH 
From the Department of Electrical Engineering, Iowa State College 
The full-wave rectifier circuit with a capacitive-input filter is used 
as the direct-current power supply in most radio receivers as well as in 
other electronic apparatus such as amplifiers, cathode-ray oscilloscopes, 
oscillators, and radar equipment. It is the purpose of this thesis to present 
an analysis of this rectifier circuit after certain simplifying assumptions 
have been made, and to exhibit various characteristics of the circuit in 
such a manner that they may be useful in the design of circuits of this 
type. 
A resume of the principles of the steady-state operational calculus 
was presented since this calculus was used to solve the circuit equations, 
and several theorems needed for the solution of rectifier circuits in par-
ticular were given. Certain assumptions were made to simplify the cir-
cuit equations sufficiently so that a solution was possible. The major as-
sumptions were those of no resistance in the tube when conducting, no 
resistance in the filter inductor, and no leakage reactance and resistance 
in the transformer. The effect of these assumptions may be reduced to a 
considerable extent by a correction to be given later. Two equivalent cir-
cuits were used, one for the time when the tube is conducting and the 
other for the time of no conduction. From the solution it was found that 
all of the characteristics depended only on the two parameters, the ratio 
of the inductor reactance to capacitor reactance (ro2LC) and the ratio of 
load resistance to capacitor reactance (wCR). Filter resonance occurred 
at w2LC = 0.5, and no calculations were made for ro2LC < 0.6 since this 
region has no practical importance. Two special cases of the circuit were 
calculated separately, and these are the case of ro2LC infinitely large 
(infinitely large filter inductance) and the non-cut-off case (heavy loads). 
In the non-cut-off case the current flows continuously into the filter in-
stead of fl.owing in pulses as is usual for lighter loads. 
Three of the appendices at the end of the thesis presented the details 
of the derivation, method of calculation, and results for the general case 
and the two special cases mentioned above. The circuit equations were 
solved by use of the direct and inverse transforms and various theorems 
of the steady-state operational calculus. From the expressions for the 
steady-state currents and voltages obtained in this manner and from the 
fact that the tube current is zero when the tube is not conducting, five 
equations were found relating the angles, charges on the condensers, and 
currents in the inductor at the instants at which the tubes started and 
stopped conducting. The conditions occurring in the tube at the starting 
1 Doctoral thesis No. 794, submitted May 31, 1946. 
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and stopping of conduction led to three more equations, g1vmg eight 
equations in all involving the eight unknown angles, charges, and cur-
rents mentioned above. Since the equations were linear in the charges 
and currents, the elimination of these quantities was easily done, but the 
two remaining transcendental equations could not be solved explicitly 
for the two other unknowns, the starting and stopping angles of con-
duction. These angles were obtained by a graphical method of solution. 
The solution was made for a sufficient number of points so that graphical 
characteristics could be constructed from the results. 
The characteristics that are most useful in the design of the circuit 
and in predetermining its properties are the tube angles, the output 
average voltage, the per cent ripple, the peak and average tube currents, 
and the peak inverse voltage on the tubes. These characteristics were 
presented as curves or equations varying with the two parameters, w2LC 
and wCR. The angle y representing the length of time that each tube is 
conducting during a half cycle varied from zero degrees with an open-
circuited load to 180 degrees at short circuit. The angle ~ which was the 
angle at which each tube stopped conducting with respect to the zero of 
the applied alternating voltage varied from 90 degrees at open circuit to 
180 degrees at short circuit. The average output voltage ratio was defined 
as the ratio of the average output voltage to the maximum value of the 
input alternating voltage. This ratio was found to vary from unity at 
open circuit to 0.6366 at short circuit. The ratio in per cent of the effective 
ripple voltage to the average output voltage was used as the per cent 
ripple and varied from zero at open circuit to a maximum in the neighbor-
hood of wCR equal to unity and then became zero again at short circuit. 
A partly empirical and partly theoretical equation for the per cent ripple 
was obtained and should prove very useful in design work. The peak 
tube current characteristic was presented as a ratio of the peak to aver-
age current in the tube and was found to vary from infinity at open circuit 
to two at short circuit. The average tube current was always one-half 
of the average output current, while the peak inverse voltage across each 
tube was always twice the maximum value of the input alternating volt-
age. The outline of a method for using these characteristics in the design 
of the rectifier and filter circuit was also presented. 
The mathematical analysis had been preceded by some preliminary 
experimental work which was done to observe the operation of the cir-
cuit and to determine approximate values of parameters for use in the 
mathematical analysis. A more exact experimental study was made later 
to compare experimental with calculated results. By means of a special 
bridge circuit, an iron-core filter inductor was measured for its inductance 
and resistance with various alternating and direct currents passing 
through it. The capacitance and resistance of the filter condensers were 
measured by the use of another bridge circuit. A value for the resistance 
of the tubes used in the rectifier circuit was found from static voltage and 
current measurements made on the tubes. In the experimental test for 
the whole rectifier and filter circuit, data were taken from which were 
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obtained values of the angle y, the average output voltage ratio, and the 
per cent ripple. These values were compared with the calculated r~sults 
from the mathematical analysis and were found to agree very well except 
at quite heavy loads. By use of a simple correction inv,olving the tube 
and filter-inductor resistance, the agreement even at heavy loads became 
very good. 
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During the almost fifty years which have passed since R. I. Cratty 
published The Iowa Sedges (107) 1, additional species of the family Cyper-
aceae have been reported from Iowa, and numerous notes on range 
extensions within the state have been published. Since these reports 
and notes have appeared in various publications, an evaluation of all 
that is now known about the sedges of our state has seemed desirable. 
In 1871, Bessey (100), in what was probably the first publication to 
mention Iowa sedges2, listed 21 species. In 1876, Arthur (90) listed 51 
species and 5 varieties, and dw·ing the next seven years (91, 92, 9~, 94, 
95) added 36 more names to the sedge flora of Iowa. Cratty, in 1898, 
citing all of the then available specimens, included 103 species and 11 
varieties in The Iowa Sedges (107). In 1907, Wesley Green in Plants of 
Iowa (125), a compilation without locality records, mentioned 110 species 
and 11 varieties. He probably relied on Cratty for the list of sedges. In 
The Iowa Flora (114), written in 1932 but not published until 1933, Cratty 
admitted 120 species and 1 variety to the state list. The omission from 
that list of so common a species as Cyperus strigosus L., and its several 
varieties, is indeed strange. Recent papers by Hayden (128, 129, 130) 
supplement Cratty's state list. 
In the present paper, 127 species and 10 varieties are recognized as 
comprising the known Cyperaceous flora of Iowa. Seven of the species 
are represented in the state only by varieties which are different from 
the typical phase of the species. Two species-Carex bushii Mackenz. 
and Carex douglasii Boott-are reported for the first time from Iowa, 
and the inclusion of Scirpus torreyi Olney among the Iowa citations in 
"Gray's" Manual (66) and Rydberg's Flora (67) is justified. Seven 
new varietal combinations are proposed. 
In the preparation of this paper I have examined 3,727 speci-
mens of Iowa sedges, most of them belonging to institutional or private 
herbaria located in Iowa. These specimens have been compared with the 
large number of specimens, from the entire range of each species, which 
were available in the herbarium of the New York Botanical Garden-
where much of the work of preparing this paper was carried on during 
1 The numbers in parentheses refer to the papers or volumes listed in the Bibliog-
raphy at the end of this paper. 
' Torrey (80), in reporting on an 1837 collection of plants from the upper Mississippi 
Valley, does not mention Iowa localities for any of the 19 sedges included in his list. 
Under the date of 1848, Parry (64) cites many Iowa localities for other plants, but 
does not refer any of the 26 sedges in his list to our state. See also the discussion of 
this list by Ellsworth (116). 
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the years 1939 to 1941. I also have consulted the available litera-
ture on the flora of Iowa in an attempt to correlate scientific names in 
use at the time this literature was published with those accepted today. 
The opportunity to examine many of the specimens mentioned in the 
early literature has been exceedingly helpful in assuring the accuracy of 
such correlations. 
The Iowa literature which contains references to sedges is included 
in the Literature Cited section of this paper as "Part II-Bibliography of 
Iowa Cyperaceae." A number of papers, which cite species of sedges 
from a particular geographical area or ecological habitat within the 
state but without mention of exact locality (140, 156, 160), are included. 
Part I of the Literature Cited includes the manuals, floras, and principal 
technical papers consulted in making nomenclatural decisions and pre-
paring the statements on the total geographical distribution of species; a 
few such papers contain references to Iowa specimens of Cyperaceae. 
Scientific names used in this paper do not agree entirely with those 
given in any one of the floras or manuals now in use in the Middle West. 
Insofar as it has been practical to do so, the nomenclature of this paper 
has been brought up to date. However, no attempt has been made to 
present a complete list of synonyms for each included species. Such a 
procedure, monographic in scope, would merely have added useless bulk. 
The majority of such synonyms as have been included are cited for 
either or both of two reasons: (a) when the name used for a species in 
either "Gray's" (66), Britton's (13, 14), or Rydberg's (67) manuals or 
in the Illustrated Flora (15, 16) differs from that used in this paper3, or 
(b) when a name used in earlier Iowa lists differs from that used here. 
In a few cases it also has been necessary to include synonyms relative to 
recent treatments of individual species. The common or vernacular 
names given for the species are .essentially the same as those used in the 
Illustrated Flora (15, 16). 
In the matter of recognition of species, I have followed more 
or less closely-but nevertheless conservatively-certain authorities on 
several genera of the family. The present treatment of Carex is essentially 
a modification of that of Mackenzie (53, 54) , although Klikenthal (48) and 
a number of recent papers dealing with the species of this genus in 
neighboring states have been consulted (1, 20, 43, 44, 45, 81) . Core (19) 
has been followed in Scleria, Beetle ( 4, 5, 6, 7) in Scirpus, and O'Neill (60) 
and co-workers-Corcoran (18), Horvat (46) and McGivney (~6)- in 
Cyperus. The treatment of Eleocharis is based in part upon those of 
Fernald (23), Fernald and Brackett (35) , and Svenson (71, 72, 73, 74, 
76). In the remaining genera, for which no complete or recent monograph 
is available, it has been necessary to study and compare scattered notes 
on fragments of a genus. 
' In such cases, initials in parentheses follow the synonym citation. Initials used 
for this purpose are: (B)- Britton's Manual; (BB)- Ilustrated flora; (BB2)- Hlus-
trated Flora, ed. 2; (G)-"Gray's" Manual; (R) - R:ydberg's Flora. See General Bib-
liography at end of this paper for exact bibliographic citation for these volumes. 
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Because the Cyperaceae are a morphologically specialized group of 
plants, a specialized technical vocabulary has been gradually developed 
as an aid to precise description and discussion of members of the family. 
Although every attempt has been made to simplify, as much as is practical, 
the terminology used in the identification keys, it has seemed impossible 
to eliminate entirely all of the special terms commonly used for this 
group. Indeed, the elimination of a single such term, which so precisely 
describes some detail of morphology, often necessitates the use of a long 
and devious descriptive clause in replacement. Therefore, in order to 
maintain the necessary clarity and precision in the keys, the more im-
portant terms have been retained; these are defined in the Glossary which 
immediately precedes the Bibliography. As a supplementary aid to the 
understanding of these terms, a series of simple illustrations (Fig. 3) has 
been prepared. 
The specimens which I have examined in the course of this 
study are to be found in the following Iowa institutional herbaria: Coe 
College, Cedar Rapids (C); Grinnell College, Grinnell (GRC); Iowa 
State College, Ames (ISC); Iowa State Teachers College, Cedar Falls 
(T); Iowa Wesleyan College, Mt. Pleasant (IW); Parsons College, Fair-
field (P); and State University of Iowa (SUI). I also have 
examined the specimens of Iowa Cyperaceae in the private herbaria of 
B. 0. Wolden, of Estherville, Iowa (W); Dr. M. L. Grant, of Cedar Falls, 
Iowa (MLG); and Dr. J. D. Dwyer, of Albany, New York (D); and the 
Iowa specimens in the following eastern herbaria: 4 The Brooklyn 
Botanic Gardens, Brooklyn, N. Y. (B); the Gray Herbarium, Cambridge, 
Mass. (G); and the New York Botanical Garden, New York, N. Y. (NY). 
Because of the large number of specimens examined during the 
preparation of this paper, it has seemed inadvisable to cite all of them 
at this time. To do so would more than double the size of this paper. 
Therefore, specimens have been cited only for the rare or the less well-
known entities-34 species and 4 varieties out of the 127 species and 10 
varieties in Iowa. The location of these specimens is indicated in the 
citation by the parenthetical letters given in the preceding paragraph. 
In addition, manuscript copies of the complete list of specimens examined 
are on file in the following libraries: Iowa State College, Ames, Iowa; 
State University of Iowa, Iowa City, Iowa; Missouri Botanical Garden, 
St. Louis, Missouri; New York Botanical Garden, New York, N. Y., and 
in the American Documentation Institute, 2101 Constitution Ave., Wash-
ington, D. C. 
DISTRIBUTION AND GEOGRAPHICAL RELATIONSHIPS 
Seventeen of the 137 entities (species and varieties) in the Iowa 
sedge flora are known, as yet, definitely only from one county. These, as 
•Through the courtesy of a fellow student at the New York Botanical Garden, 
I also was able to examine the Iowa specimens of the genus Hemicarpha from the 
herbaria of the Chicago Natural History Museum (F) and the Missouri Botanical 
Garden (M). 
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a matter of minor interest, are: Allamakee County-Carex tonsa; Clin-
ton County-Scirpus torreyi; Davis County-Scirpus cyperinus var. 
rubricosus; Emmet County-Carex chordorrhiza, C. limosa, Eleocharis 
pauciflora var. fernaldii, E. wolfii, and Scleria verticillata; Fayette County 
-Carex conoidea; Jasper County-Carex douglasii and C. tuckermani; 
Jefferson County-Carex crinita; Muscatine County-Bulbostylis capil-
laris and Fimbristylis autumnalis; Palo Alto County-Carex foenea and 
Scirpus paludosus; Poweshiek County-Carex richardsonii. Five of these 
are known from only one or two early collections-Carex conoidea (in 
1898), C. douglasii (in 1904 or 1905), C. richardsonii (in 1876 and 1879), 
C. tuckermani (in 1886 and 1897), and Scirpus torreyi (in 1878)-and, 
dependent on the effects of agriculture on the original locality and 
habitat, may no longer be growing in Iowa. A careful and detailed in-
vestigation should be made to determine the status of these five species. 
Distribution of the species within Iowa is shown on the accompanying 
small maps (Figs. 4-12), whereon each county in which a species is 
known to occur-on the basis of a specimen or specimens which I have 
examined-is indicated by a black dot, triangle, or cross. Unconfirmed 
county reports, those mentioned in the literature but from which I 
have not seen specimens, are included in the text. Casual examina-
tion of the maps might lead one to the conclusion that the greater pro-
portion of the Iowa sedges ·are largely confined to the eastern and north-
eastern one-third of the· state, and that an area in the northwestern part of 
the state also contains a large number of species. It is true that the 
number of species decreases toward the western part of the state, and 
this decrease in number is correlated with a decrease of mesophytic 
habitats.5 The reader should keep in mind, however, that comparatively 
little botanical work has been done in the south-central and southwestern 
portions of our state. Therefore, the maps for many of the Iowa species 
merely show where a particular species has been collected rather than 
where it actually grows. 
For the convenience of the reader who might wish for some points 
of geographical, geological, and vegetational reference when considering 
the possible significance of species distributions as shown on the 114 maps 
of Figures 4 to 12, inclusive, the following seven Iowa maps have been 
included in this paper (Fig. 1, A-G) : A. a key map to the counties of 
Iowa; B. a generalized topographical map; C. a map showing the boundar-
ies of the glacial drift sheets; D. a map of soil types; E. a map indicating 
the major drainage basins; F. a map showing average annual precipita-
tion and average length of frost-free growing season; and G. a map in-
dicating the extent of the forest and prairie in the state at the time 
the white man came to Iowa. 
' Because of the excellent consideration of general plant ecology and plant distri-
bution in Iowa recently published by Hayden (129), further elaboration on this theme 
seems superfluous here. Additional references on the subject will be found in Dr. 
Hayden's list of Pertinent Literature. A number of papers, cited elsewhere in the 
present paper, should be consulted also; these are by W. A. Anderson (89), Pammel 
(136, 137, 141, 142), Shimek (154, 156, 157, 158, 159, 160), Wolden (169), and Wylie (171). 
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FIGURE 1. Reference Maps (See page 61) 
A-County Key Map: Counties may be identified by means of corresponding numbers 
o,n, map, as follows: 
Adair ................ ............... 71 
Adams .............................. 81 
Allamakee . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Appanoose . . . . . . . . . . . . . . . . . . . . . . . . . . 96 
Audubon .. ...... ......... ...... ... . 58 
Benton ............. .. ..... . ... . .... 51 
Black Hawk . . . . . . . . . . . . . . . . . . . . . . . . 39 
Boone ......... . ........... .. ....... 47 
Bremer ............................. 28 
Buchanan . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
Buena Vista . . . . . . . . . . . . . . . . . . . . . . . . 22 
Butler ....... . .. .. ......... .... . ... . 27 
Calhoun ............................ 34 
Carroll ..... .... ...... . .... ... .. .. . . 45 
Cass ................................ 70 
Cedar .............................. 66 
Cerro Gordo . . . . . . . . . . . . . . . . . . . . . . . . 17 
Cherokee . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Chickasaw . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
Clarke .... . . ................ .. ... . .. 83 
Clay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Clayton ............................. 30 
Clinton ............................. 55 
Crawford . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 
Dallas ..... ......... ... ..... ........ 60 
Davis ............................... 97 
Decatur .... .. . ...... ............... 94 
Delaware . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
Des Moines . . . . . . . . . . . . . . . . . . . . . . . . . 89 
Dickinson . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Dubuque . .... ......... ...... . . ... ... 42 
Einmet ............................. 4 
Fayette . ... . . . ... ..... ........... .. . 29 
Floyd ......... . .... .. .... .... . ...... 18 
Franklin . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
Fremont . ...... . ...... ......... ... .. 90 
Greene . .. .. ........................ 46 
Grundy ...... .... .......... ......... 38 
Guthrie .............. .... .... ....... 59 
Hamilton . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
Hancock . .... ............. .......... 16 
Hardin ............................. . 37 
Harrison . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 
Henry .. ......... ....... .. ........ .. 88 
Howard ............................. 13 
Humboldt . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
Ida .................... . .... . ....... 32 
Iowa .... ....................... . . ... 64 
Jackson ............ .......... . ...... 54 
Jasper ........ .. ...... ......... ..... 62 
Jefferson ............................ 87 
Johnson ............................ 65 
Jones ............................... 53 
Keokuk ... . ............. .... ........ 76 
Kossuth ..................... ..... . . 9 
Lee ................................. 99 
Linn .. . ..................... . ....... 52 
Louisa .............................. 78 
Lucas ............................... 84 
Lyon ............................... 1 
Madison ............................ 72 
Mahaska ............................ 75 
Marion ............................. 74 
Marshall . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 
Mills ................................ 79 
Mitchell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Monona .. ...... . ............. . .... .. 43 
Monroe .... : . . . . . . . . . . . . . . . . . . . . . . . . 85 
Montgomery . . . . . . . . . . . . . . . . . . . . . . . . 80 
Muscatine . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 
O'Brien ............................. 6 
Osceola . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Page ............................... 91 
Palo Alto . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Plymouth . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Pocahontas . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
Polk ................................ 61 
Pottawattamie . . . . . . . . . . . . . . . . . . . . . . 69 
Poweshiek . . . . . . . . . . . . . . . . . . . . . . . . . . 63 
Ringgold . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 
Sac .......... ... ................. ... 33 
Scott ... .......... ... ................ 67 
Shelby .............................. 57 
Sioux ............................... 5 
Story ... ...... ..... ... ... ...... .. ... 48 
Tama ............................... 50 
Taylor ................. . ........... . 92 
Union .............................. 82 
Van Buren ......................... 98 
Wapello ..... ...... ................. 86 
Warren ............................. 73 
Washington . . . . . . . . . . . . . . . . . . . . . . . . . 77 
Wayne .............................. 95 
Webster ......................... .. . . 35 
Winnebago .......................... 10 
Winneshiek . . . . . . . . . . . . . . . . . . . . . . . . . 14 
Woodbury . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 
Worth .............................. 11 
Wright .............................. 25 
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FIG. 1, B.-Topography: The contours-generalized from map published by Lees 
(52a)-are shown in intervals of 200 feet. Elevations, in feet, between contour lines 
are as follows: 1-under 600; 2--600 to 800; 3--800 to 1,000; 4-1,000 to 1,200; 5-1,200 to 
1,400; 6--1,400 to 1,600; 7-over 1,600. The extremes of altitude in Iowa are 448 feet at 
Keokuk, in the southeast and 1,670 feet on Ocheyedan Mound (Osceola County) in 
the northwest. · 
Frc. 1, C.-Glaciation: Boundaries of the several drift sheets, together with the 
location of a glacial lake and indication of the major glacial outwash areas. The drift 
sheets are numbered in sequence from the oldest to the most recent one: la-Nebras-
kan; lb-Nebraskan exposed in stream valleys, Kansan evident along hill tops; 2-
Kansan; 3-Illinoian; 4-Iowan substage of the Wisconsin (on many maps, and by many 
authorities, this is considered as a separate period of glaciation, "the Iowan"); 5-Man-
kato substage of the Wisconsin; 6--the approximate boundaries of the glacial Lake 
Calvin, of Illinoian age; 7-major areas of glacial outwash deposits . Drift sheet, lake, 
and outwash boundaries have been generalized from maps published by Kay and 
Graham (48b) and Flint (36a). 
Frc. 1, D.-Soil Types: Boundaries of the major soil groups, as shown on the small 
map included in most of the Iowa county soil survey pamphlets, have been here cor-
related with the glacial drift sheet boundaries as given in map C of this figure. The 
correlated soil type areas may be listed as follows: !-Nebraskan till; 2-Mississippi 
loess; 3-south Iowa loess over Kansan till; 4-Illinoian till remnants; 5-Kansan and 
Nebraskan till; 6--Missouri loess; 7-Iowan till; 8-Wisconsin till. 
Frc. 1, E . .:...Drainage Patterns: The heavy continuous line X-X delimits the tribu-
taries of the Missouri River (to the west and south) from those of the Mississippi River 
(to the east); the heavy continuous line Z-Z delimits a tributary of the Minnesota 
River (to the north) from the tributaries of the Mississippi River (to the south and 
east). Drainage basin units are defined as follows: 1-Upper Iowa and Yellow Rivers; 
2a-Turkey and Maquoketa Rivers; 2b-Wapsipinicon River; 3a-Cedar River; 3b-
Iowa River; 4-Skunk (or Chicaqua) River; 5-Des Moines River and tributaries; 6a-
Chariton River; 6b-West Grand and East Grand Rivers; 7a-Nodaway and Little 
Platte Rivers; 7b-Nishnabotna and Tarkio Rivers; 8-Boyer River; 9-Little Sioux 
River; 10-Rock and Floyd Rivers; 11-Blue Earth River. The map has been simplified 
from one published by Kay and Apfel ( 48a). 
FIG. 1, F.-Climatic Areas: The heavy continuous lines are iso-hyets which con-
nect localities of equal average annual precipitation, in inches, as follows: a-26; b-28; 
c-30; d-32; e---34; f-36. The shading represents areas of equal average frost-free 
growing season, in terms of days, as follows: 1-130 to 140; 2-140 to 150; 3-150 to 160; 
4-160 to 170; 5-170 to 180. This map has been adapted from two maps published by 
Reed (65a). 
FIG. 1, G.-Original Vegetation: The distribution of Prairie and Forest (or Wood-
land) based on the original township surveys of 1832 to 1859. 1-areas of predominant 
to heavy forest with little, if any, grassland areas on the higher ground; 2-heavy to 
moderately heavy forest along and near streams and bushland or grassland on the 
higher ground; 3-scattered to light or moderate forest along streams and large areas 
of grassland on the higher ground between the streams; 4-predominantly prairie. 
This map has been generalized from a map prepared under the direction of the Iowa 
State Planning Board and since published in several places, including the recent paper 
by Hayden (129). It should be noted that, because of the small scale of the map pre-




Frc. 1. Reference Maps. 
62 CHARLES L. GILLY 
The larger map of the state (Fig. 2-A) shows graphically the num-
ber of species of sedges now known from each county in Iowa. It will be 
noted that the Cyperaceous flora is fairly well known in only nine coun-
ties: Emmet, with 82 species; Webster, with 64; Johnson, with 60; Story, 
with 56; Clay, with 55; Palo Alto and Jefferson, each with 52 species; Lee 
and Poweshiek, each with 41. I have seen no specimens of sedges 
from Adams, Audubon, Cedar, Ida, Monroe, and Pocahontas Coun-
ties, although one or more species have been reported for each6• It is 
hoped that this preliminary treatment of the Iowa Cyperaceae may 
stimulate at least some of those who read it to make collections of the 
family in areas that are poorly represented by herbarium specimens. 
Thus, at a later date, it may become possible to prepare a more accurate 
and complete picture of the sedge flora of our state.7 
Cratty (107) presented a comparative tabulation of the number of 
species in each genus of the Cyperaceae known at that time (1898) to 
occur in the seven states neighboring Iowa. I can see no particular 
advantage in amplifying such a tabulation in this paper but, for the pur-
pose of a general comparison, the inclusion of a map (Fig. 2- B) indicating 
the total number of species in the family known from each of the thirteen 
states of the upper Mississippi valley seems to be in order.8 The decrease 
in number of species toward the western part of this area, as with the 
decrease in number from east to west in Iowa, seems to be in direct rela-
tionship to the decrease in available moisture and decrease in diversity 
of habitat types. The considerable difference between the total for 
Missouri and that for Iowa is due, in part, to the presence in the former 
state of many more coastal plain species, as well as more species with a 
southwestern center of distribution. It should be noted, also, that the 
comparative smallness of the Iowa total is in part a result of the somewhat 
conservative delimitation of species in the present paper. An additional 
22 "species" would be added to the Iowa total if the majority of recent 
treatments of some of the Cyperaceous genera had been strictly followed. 
The low total for Kentucky is largely due to the lack of botanical collect-
ing in much of that state. 
The Cyperaceous flora of Iowa, if considered from the standpoint of 
• At the time this paper was nearly completed, I had seen no specimens of 
Cyperaceae from either Cass County or Montgomery County, and had been unable 
to find a report of any species from the former. An unexpected opportunity to make 
a hurried trip into the southwestern corner of the state presented the opportunity 
of collecting 7 species in Cass County and 1 in Montgomery County. These were 
collected in wet ditches along the highway. 
' I will deem it a pleasure to receive specimens of this family from 
Iowa for identification, or for confirmation of identification. Such specimens will, with 
the senders' permission, be placed in the herbarium of the Iowa State College Depart-
ment of Botany. They also will be used by members of the Committee on Biological 
Survey of the Iowa Academy of Science in preparation of a state flora. Iowa specimens 
of families other than the Cyperaceae also are solicited. 
• Not all of the state totals, as given on the map, are absolutely complete, but they 
will serve for a general comparison with the Iowa total. These totals were compiled 
from various publications (2, 3, 9, 21, 39, 43, 44, 45, 47, 48, 51, 52, 55, 58, 59, 61, 62, 63, 
65, 68, 69, 70, 77, 78, 82, 83, 84, 85, and 86, among others) and from the specimens avail-













FIGURE 2. Numerical Data on Distribution of the Cyperaceae. 
A-Number of species of Cyperaceae known from each county in Iowa. The nine 
counties with more than forty species each are indicated by numbers (from 41 to 82) 
representing the total number of species known. The six counties from which no speci-
mens have been seen are indicated by numbers (from 1 to 3) representing the number 
of species reported but unconfirmed for each. The number of species known from each 
of the other counties is indicated by shading which is explained in the figure. 
B-Total number of species of the family Cyperaceae known from each of 
the thirteen states of the upper Mississippi Valley. Totals for all states except Iowa are 
approximate (see explanation on page 62). 
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the center of distribution and the total distributional range of each of the 
species, may be divided into geographical-affinity groups as follows: 
1. Western-species with center of distribution in the Great Basin, 
the Rocky Mountains, or the Western Plains; the eastern distributional 
margins reached for most of these species in Iowa (8 species, 6.3 per 
cent of the state total). 
2. lnterior-essentia.lly prairie species which may or may not have 
an eastward extension of range along the old "prairie peninsula"; a few 
of these species seem to have Ozarkian affinities (33 species, 26.0 per cent 
of the state total). 
3. Coastal Plain--Embayment-species ranging to a greater or lesser 
degree along the Atlantic and Gulf coastal plains and extending up the 
Mississippi valley (5 species, 4.0 per cent of the state total). 
4. Tropical American--species with North American distribution 
similar to those in Group 3, but with the center of distribution in the 
tropics rather than in the United States (5 species, 4.0 per cent of the 
state total). 
5. Eastern-species with a wide distribution through eastern North 
America, usually from Maine and southern Canada to the Gulf coast, and 
from the Atlantic coast to the margin between the prairies and plains. The 
majority of these species reach their western distributional limits in 
eastern Texas, Kansas, Nebraska, and western Minnesota; four of these 
species also have a disjunct distributional area on the Pacific coast (22 
species, 17.3 per cent of the state total). 
6. Northeastern Woodland-species essentially woodland in habitat 
preference, with their centers of distribution in the eastern Great Lakes 
area, their ranges sometimes extending southward in the Appalachian 
Mountains and reaching a narrowing western limit of distribution in the 
upper Mississippi Valley (20 species, 15. 7 per cent of the state total) . 
7. American Northern and Sub-Boreal-species ranging from New-
foundland and Labrador and the Hudson Bay region, with their southern 
limits in the New England States, the Northern Lake States and northern 
Iowa, with or without a westward extension of range to the Pacific Coast 
and Alaska and a southward extension of range in the higher Rocky 
Mountains (22 species, 17.3 per cent of the state total). 
8. Eurasian-American Sub-Boreal-species with the American 
portion of their ranges much as described for Group 7, but also ranging 
more or less throughout northern Europe and Asia (6 species, 4.7 per cent 
of state total). 
9. Temperate Weedy-species widely distributed through North 
America and in the temperate regions of the other continents (6 species, 
4.7 per cent of the state total). 
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CYPERACEAE (SEDGE FAMILY) - SYSTEMATIC TREATMENT 
Annual or perennial grass-like or rush-like plants with slender, solid (rarely 
hollow) and usually triangular (sometimes terete or flattened) cuhns. The roots of 
most annual species are fibrous, while those of the perennial species are rhizomatous. 
The leaves are normally 3-ranked, narrow and grass-like, and with tubular, closed 
~heaths (Fig. 3-0); occasionally the leaves are reduced to bladeless sheaths (Fig. 3-U). 
A grass-like ligule is present in Carex. The flowers are perfect or unisexual and 
arranged in 1- to many-flowered spikelets or spikes (Fig. 3-A, B, C), each flower 
subtended by one or more scales (bractlets); the spikelets are solitary, or several 
together , or numerous and more or less clustered. The scales of the spikelets are either 
2-ranked (Fig. 3-A) or spirally imbricated (Fig. 3-B) on the rachillae of the spike-
lets. The perianth is sometimes lacking; when present it is rudimentary, hypogynous,-
and composed of either bristles (Fig. 3-N, J) , scales (Fig. 3-K), or scales and bristles 
(Fig. 3-I) . In Scleria, the pistillate flower, and the resultant achene, are attached 
inside of a hard basal cup ( the hypogynium; Fig. 3-V). In Carex, the pistillate flower, 
and the resultant achene, are enclosed in a perigynium (Fig. 3-P, Q, S), a more or less 
inflated sack-like structure which is a modified leaf sheath. Stamens 1 to 3, or rarely 
more; their filaments slender or filiform, the anthers 2-celled and basally attached. 
The ovary, although composed of 2 or 3 (or, rarely, 4 or more) united carpels, is 
1-celled and 1-ovuled; the ovule is basally attached and anatropous. The style is 
usually 2- or 3-cleft. The fruit is a lenticular, plano-convex, trigonous, or nearly 
terete achene (Fig. 3-M); the achene is usually hard-walled (in Scleria, bony). The 
endosperm of the seed is mealy and the embryo very minute. 
This family is world-wide in its distribution; it is usually subdivided 
into about 70 genera, under which approximately 3,000 species are recog-
nized as distinct. 
Sedges, for the most part, are plants of damp or wet places. Sloughs, 
swamps, bogs, marshes, ditches, and mud flats along river, pond or lake 
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FIGURE 3. Illustrations of Descriptive Terminology Used in This Paper. 
A-spikelet with two-ranked scales. 
B-spikelet with spirally imbricated scales. 
C-an achene of Scleria showing the several scales which subtend the single flower. 
D-pistillate flower of Carex, here shown with three stigmas. 
E-staminate flower of Carex. 
F-perfect flower of Cyperus, Scirpus, etc., here shown with two stigmas. 
G-achene of Eleocharis showing the apical tubercle formed from persistent style-
base tissue and lack of perianth bristles; other species have perianth bristles 
of the type shown in H. 
H-achene of Scirpus showing terminal apiculation and simple perianth bristles. 
I-achene of Fuirena, with style still attached, showing perianth composed of alter-
nating bristles and stipitate scales. 
J - achene of Eriophorum showing numerous capillary and silky perianth bristles. 
K-achene of Hemicarpha showing perianth scale between achene and rachilla of 
spikelet. 









M- diagrams of achene or perigynium cross-s·ectional shapes. 




N---diagrams of scale apex types. 
N-1-truncate. 




N-6-aristate or awned. 
N-7-bifid and aristate. 
0-lateral view of leaf sheath (dor-dorsal surface; ven-ventral surface; cu-culm; 
bl-leaf blade). 
P-lateral view of a Carex perigynium (dor-dorsal surface; ven-ventral surface; 
sc-subtending scale; bk-beak of perigynium). 
Q-dorsal view of a wing-margined or bi-keeled perigynium with a bidentate beak. 
R-diagrammatic cross-section of such a wing-margined perigynium. 
S-dorsal view of a beakless, equal-nerved and nonmargined perigynium. 
T-diagrammatic cross-section of such an equal-nerved perigynium. 
U- bladeless basal leaf sheaths, characteristic of Eleocharis. 
V- achene of Scleria, showing hypogynium at its base. 
W-Lateral view of a Carex perigynium with an entire, obliquely-cut tubular beak. 
X-apex of leaf sheath (sh) and base of leaf blade (bl) of Carex showing position of 
Jigule (lg) around culm (cu). 
Fie. 3. Illustrations of Descriptive Terminology. 
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edges are among the preferred habitats. Some of the moisture-loving 
species occasionally are found in shallow or even deep water in ponds, 
lakes or streams, and a few species are wholly aquatic. Some species, 
particularly in the genus Carex, are inhabitants of moist or dry wood-
lands. Some few species are found on dry plains and in sandy shore 
and dune areas, and others on rocky ledges or in cliff crevices. This group 
of plants is indirectly of considerable economic importance. Many species 
play an important role in preventing soil erosion. Others play an equally 
important part in the building of soil along pond and lake shores. A few 
species may, on occasion, be troublesome weeds. · 
In studying the sedges it is necessary, because of the small size of 
the flowers, subtending bracts, and achenes, to use a hand lens of at least 
medium power. A lOx lens is reasonably satisfactory for observing most 
details, but a 15x or 20x lens is preferable. Another fact of utmost im-
portance to remember in studying and identifying Cyperaceae is the 
necessity of having specimens with mature achenes. This is particularly 
true for the person who is making his first acquaintance of the group, 
and even the experienced botanist-unless he has a large collection of 
auth!'!ntic specimens available for comparison-will encounter consider-
able difficulty in trying to identify immature specimens of sedges. Eleo-
charis and some groups of Carex present the most trouble in this respect. 
Such difficulty is the combined result of the comparatively simple struc-
ture of the flower in this family, and the fact that the principle differences 
between species usually are to be found in characters of the achene, 
subtending scales, and (in Carex) the perigynia. 
KEY TO THE IOWA GENERA 
A. Culms jointed, leafy to the top; leaves cauline, one at each node; the inflorescence 
composed of several axillary clusters of spikelets; the scales of the spikelets 2-
ranked (Fig. 3-A) .. . .... ...... .. ............ ... .... .. . . 1. DULICHIUM 
AA. Culms not jointed (or the joints so short that all the leaves appear to be basal); 
inflorescence terminal or subterminal. 
B. Each flower subtended by 1 to several scales, but the pistillate flower (and the 
resultant achene) of monoecious or dioecious plants not enclosed in a sack-like 
perigynium. 
C. Scales of the more or less flattened spikelets 2-ranked 
(Fig. 3-A) ......... . . . ..... .... ................... . 2. CYPERUS 
CC. Scales of the essentially terete spikelets spirally imbricated (Fig. 3-B). 
D. Flowers aggregated in spikelets, each flower subtended by a single scale 
(Fig. 3-D, E, F) ; flowers all, or at least some in each spikelet, perfect; 
achenes not bony and shining white. 
E. Style completely deciduous from achene at maturity, the achene blunt or 
merely apiculate at apex (Fig. 3-H, I, J). 
F. Spikes numerous-flowered, the flowers all perfect (Fig. 3-F). 
G. Perianth composed of 3 flattened and more or less stipitate scales al-
ternating with 3 bristles (Fig. 3-1) . . . . . . . . . . (FUIRENA) 9 
GG. Perianth composed wholly of bristles (Fig. 3-H, J), or of a single 
minute scale (Fig. 3-K), or absent. 
• Fuirena and Cladium have been reported from Iowa, but as yet I have not been 
able to find Iowa specimens of either genus; the two genera are included in this generic 
key on the bare chance that they may yet be found, or rediscovered, within the state. 
See also "Genera Frequently Reported for Iowa," page 134 of this paper. 
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H. Plants small, rarely more than 3 cm. tall ; culms and leaves filiform; 
inflorescence of 1 to several sessile spikelets, subtended by a usually 
solitary slender bract; perianth of a minute scale between achene 
and spikelet rachis (Fig. 3-K; this scale sometimes absent); 
stigmas 2 .. . . ... .... . ....... . ... . ... . .... 3. HEMICARPHA 
HH. Plants t aller and without the above combination of characters; 
perianth composed of bristles or of silky hairs (Fig. 3-H, J), or 
absent; stigmas 3 or 2. 
I. Style not at all inflated at base; perianth bristles usually present 
(or, when absent, the achenes not minutely reticulate and white). 
J . Perianth bristles 1-S (Fig. 3-H) and hidden by the scales (in 
one species slightly exceeding the scales and thus visible), or 
sometimes absent . . .. .... . .. . . . .... .... 4. SCIRPUS 
JJ. Perianth bristles numerous, long and silky (Fig. 3-J), at ma-
turity 4 mm.-20 mm. longer than the 
scales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. ERIOPHORUM 
II. Style inflated and enlarged at base; perianth bristles absent; 
achenes minutely reticulate, white . ....... 6. FIMBRISTYLIS 
FF. Spikelets few-flowered, the lower 1 or 2 flowers staminate, the upper 
1 or 2 perfect .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. (CLADIUM) ' 
EE. Style base persistent as a tubercle on summit of achene (Fig. 3-G). 
F. Spikelets numerous-flowered, all flowers perfect. 
G. Leaves present at the base of the culm; spikelets numerous in termi-
nal umbels, subtended by 1-3, narrow, leaf-like involucral 
bracts ...... . .. . ......... .. ..... .... . .. . . . . 7. BULBOSTYLIS 
GG. Leaves reduced to bladeless sheaths (Fig. 3-U); spikes solitary, ter-
minal, not subtended by leaf-like involucral 
bracts . . . . . . . .. .. . . . .. .. .. .. .. .. . . . . . . . . .. . 8. ELEOCHARIS 
FF. Spikelets few-flowered, the upper 1 or 2 flowers staminate, the lower 
1 or 2 perfect . . . . .. . .. . . .. . . .. . . .. . . . . . . . . . . 9. RHYNCHOSPORA 
DD. Pistillate flowers usually solitary, each surrounded by several scales (Fig. 
3-C); flowers all unisexual; achenes bony, white and shining 
(Fig. 3-V) . . . . . .. .. . .. .. . ........ . ...... ... ..... 10. SCLERIA 
BB. Each flower subtended by 1 scale; flowers unisexual; each pistillate flower (and 
the resultant achene) enclosed in a sack-like perigynium 
(Fig. 3-P, Q, S) ... . .... ...... .. ...... .. ...... . .... . . . 11. CAREX 
1. DULICHIUM Pers. Syn. 1: 65. 1805. 
A monotypic genus, its single species confined to North America. 
Probably the most distinctive sedge in Iowa. 
1. Dulichium arundinaceum (L.) Britt. Bul. Torrey Club 21: 29. 1894. 
Cyperus arundinaceus L . Sp. Pl. 44. 1753. 
D. spathaceum (L.) Pers. Syn. 1: 65. 1805. 
Dulichium-usually found in boggy or swampy spots or along marshy 
shores-Newfoundland to northern Ontario, Minnesota and Nebraska, 
south to northern Florida, Louisiana, and Texas; also in northwestern 
Montana, northern Idaho and along the Pacific coast from southern British 
Columbia to extreme northern California. 
IOWA DISTRIBUTION: map 4-a. SPECIMENS EXAMINED: Henry County, 
August 8, 1899, Savage (SUI). Jasper County, Lynnville, July 3, 1886, 
Norris (GRC) . Winnebago County, August, 1930, Pammel (ISC); Forest 
City, July 4, 1921, Pammel (ISC). Worth County, Fertile, September, 
1908, Pammel (ISC). UNCONFIRMED COUNTY REPORTS : Cerro Gordo (142) ' 
Emmett (142) , Hamilton (142) , Muscatine (99, 107), Scott (99, 107) , 
Story (107) , and Wright (142). 
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2. CYPERUS L. Sp. Pl. 44. 1753. 
A large genus, in which about 650 species are recognized, with a 
world-wide distribution centered in the tropics and sub-tropics. Eleven 
species have been found in Iowa. 
KEY TO THE IOWA SPECIES 
A. Each spikelet composed of several to numerous flowers (and resultant achenes); 
each flower (and achene) subtended by a scale. 
B. Rachilla wings, when present, thin and transparent, not clasping the achenes; 
rachillae of the spikelets persistent on the rachis, or the entire spikelets falling 
as units. 
C. Styles 3-parted; achenes essentially triangular. 
D. Scales tipped with a prominent recurved awn ........ .. 1. C. aristatus 
DD. Scales obtuse, acute or mucronate, the tips neither conspicuously awned 
nor recurved. 
E. Spikelets about twice as wide as long; scales wide-spreading, the lower-
most much longer than the upper ones on the same spikelet (each spikelet 
thus appearing to be ovate or triangular 
in shape) . ........... ............................ . . . 2. C. acuminatus 
EE. Spikelets linear, at least several times longer than wide; scales all ap-
proximately equal in length and more or less appressed. 
F. Inflorescence a compound umbel, the spikelets pinnately disposed on 
each rachis. 
G. Rachilla wings, when present, permanently adnate to the rachillae; 
achenes 1.5 mm. or more in length. 
H. Achenes sharply triangular, ellipsoid, scarcely more than twice as 
long as thick and almost as long as the subtending scales; scales 
ovate, more or less rounded or obtuse at the apices, slightly spread-
ing, deciduous. 
I. Leaf margins and culms Emooth; spikelets 1.5 mm. or less in width; 
scales acute, shining brown or golden-brown. 3. C. esculentus 
II. Leaf margins and culms scabrous (or the culms rarely smooth); 
spikelets 2.5 mm.-5 mm. in width; scales mucronate, dull green or 
greenish ...... . . ... . .. ........... . ..... . .... 4. C. schweinitzii 
HH. Achenes obtusely triangular, at least four times as long as thick, 
less than one-half as long as the · subtending scales; scales lanceo-
late, acute, closely appressed, persistent on 
the rachillae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. C. strigosus 
GG. Rachilla-wings separating from the rachillae as pairs of basally at-
tached scales; achenes 0.5 mm.-0.8 mm. long; scales bright reddish-
brown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. C. erythrorhizos 
FF. Inflorescence a solitary, sessile capitate cluster of spikelets, or when 
(rarely) compound, the spikelets capitately clustered at the apex of 
each rachis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7. C. filiculmis 
CC. Styles 2-parted; achenes lenticular or piano-convex. 
D. Stigmas conspicuously exserted beyond the glumes, the spikelets thus 
superficially appearing to be ciliate; scales thin-textured, dull; achenes 
olive-grey ...... . ..... . ............................. . 8. C. diandrt1s 
DD. Stigmas not, or scarcely, exserted beyond the scales, the spikelets thus 
appearing glabrous; scales firm, shining; achenes yellowish 
or brown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9. C. rivularis 
BB. Rachilla wings thick-textured, not transparent, incurved and clasping the 
achene; spikelets breaking between the scales into 1-fruited joints; styles 3-
parted, achenes more or less triangular. 
C. Scales closely imbricated, overlapping the next above on the same side of 
the rachilla ........................................... 10. C. odoratus 
var. squarrosus 
CC. Scales distant, scarcely reaching to the middle of the next above on the same 
side of the rachilla . ...... .... ... .... ... .............. 11. C. engelmanni 
AA. Spikelets, although 1-flowered and with only 1 achene each, bearing several 
empty scales and crowded into dense globular sessile heads; style 2-parted; 
achenes lenticular ................................. (C. tenuifolius; see page 76) 
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1. Cyperus aristatus Rottb. Descr. and Icon. 23. 1773. 
C. inflexus Muhl. Gram. 16. 1817 (B, BB, BB2, R). 
C. aristatus var. inflexus (Muhl.) Kiik. Pflanzenr. lOl[IV. 20]: 504. 
1936. 
Awned cyperus-usually found along muddy streams or pond banks, 
sometimes in sandy soil-New Brunswick to Manitoba and British 
Columbia, south to Florida, Texas, northern Mexico and California; widely 
distributed in the tropics. 
IOWA DISTRIBUTION: map 4-b. UNCONFIRMED COUNTY REPORTS: Cerro 
Gordo (107, 142), Hardin (148), Muscatine (99, 107, 159), and Scott (99, 
107). 
2. Cyperus acuminatus Torr. & Hook. Ann. Lye. N. Y. 3: 435. 1836. 
Acuminate cyperus-usually in wet soil in a variety of habitats-
Indiana to Iowa, Kansas, Colorado, and Oregon, south to Louisiana, 
Texas, and California. 
IOWA DISTRIBUTION: map 4-c. SPECIMENS EXAMINED: Hamilton County, 
1902, Pammel (ISC). Jefferson County, Collett, 1897, Baldwin (G, ISC). 
Lee County, without date, Fults 1535 (!SC). Scott County, July 8, 1896, 
Barnes and Miller (!SC). Van Buren County, Keosauqua, summer of 
1933, Fults (ISC). Woodbury County, Sioux City, without date, Hitch-
cock (SUI). UNCONFIRMED COUNTY REPORTS: Clinton (99, 107)' Harrison 
(159), and Plymouth (93, 107) . 
3. Cyperus esculentus L. Sp. Pl. 45. 1753. 
C. phymatodes Muhl. Gram. 23. 1817. 
Yellow nut-grass-usually in low, wet ground; spreading, apparent-
ly, by both seed and tuber-bearing root-stocks, this species frequently 
becomes a somewhat troublesome pest in cultivated land-New Bruns-
wick to Minnesota and Nebraska, south to Florida, Louisiana, and Texas; 
also on the Pacific coast from Alaska to California, in tropical America 
and throughout much of Eurasia. 
IOWA DISTRIBUTION: map 4-d. UNCONFIRMED COUNTY REPORTS: Floyd 
(107), Mahaska (96), Montgomery (120), Polk (56), Ringgold (120), 
Winnebago (98, 142), and Worth (142). Also, on maps published by 
Pammel (143) and Pammel and King (147), the following additional 
counties (from which I have not yet seen specimens) are indi-
cated: Audubon, Carroll, Cedar, Crawford, Dickinson, Dubuque, Harri-
son, Ida, Iowa, Jackson, Jones, Kossuth, Monona, Pocahontas, Pottawat-
tamie, Shelby, Sioux, and Woodbury. 
4. Cyperus schweinitzii Torr. Ann. Lye. N. Y. 3: 276. 1836. 
C. bushii Britt. Man. 1044 (in part; not as to type). 1901.1° 
Schweinitz's cyperus-in wet or dry sandy soil or railroad ballast-
western New York and eastern Ontario to Minnesota, Saskatchewan, and 
Washington, south to Indiana, Missouri, Texas, Colorado, and Oregon. 
••See also the notes under Cyperus fi,liculmis, species No. 7. 
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IOWA DISTRIBUTION: map 4-e. UNCONFIRMED COUNTY REPORTS: Harrison 
(156, 159), Jasper (107), Linn (133), Mahaska (96), and Scott (99, 107). 
5. Cyperus strigosus L. Sp. Pl. 47. 1753. 
C. strigosus var. robustior Britt. Bul. Torrey Club 13: 221. 1886. 
C. strigosus var. capitatus Britt. l. c. 
C. strigosus var. compositus Britt. l. c. 
Straw-colored cyperus-this species may be found in almost any 
sort of habitat except dense woodland or forest-Maine to Ontario, Sas-
katchewan, and Washington, south to Florida, Louisiana, Texas, and 
California. 
IOWA DISTRIBUTION: map 4-f. UNCONFIRMED COUNTY REPORTS: Floyd (107)' 
Hardin (148), Harrison (107), and Worth (142). NOTES: (a) One report 
of the var. capitatus for Emmet county (107) was based upon a misidenti-
fication of a specimen of C. engelmanni. (b) Because of the great diver-
sity of habitats in which this species grows, it assumes many different 
growth forms. Some of these have been described as varieties, but when 
a large series of specimens is studied it is impossible to clearly separate 
these "varieties." For this reason they are not recognized here as being 
distinct from the species. Fernald (36) has discussed the correct author-
ship of the varieties included in synonymy above, and also the case for 
recognition of some of the varieties. O'Neill (60) has recently summarized 
the evidence against the recognition of varieties under this species. 
6. Cyperus erythrorhizos Muhl. Gram. 20. 1817. 
C. erythrorhizos var. pumilus Engelm. ex Britt. Bul. Torry Club 11: 
85. 1884. 
Red-rooted cyperus-a common species of alluvial pond and stream 
banks; also found in other wet and marshy places-Massachusetts and 
southern Ontario to Minnesota, Nebraska, and Washington, south to· 
Florida, Texas, and California. 
IOWA DISTRIBUTION: map 4-g. UNCONFIRMED COUNTY REPORTS: Decatur 
(87), Hardin (141), Muscatine (99, 107, 138), Polk (56), and Story (107, 
124, 132) . NOTE: The var. pumilus is merely a depauperate phase of the 
species and is frequently found around or in dried-out ponds and ditches; 
it certainly does not merit varietal recognition. 
7. Cyperus filiculmis Vahl, Enum. 2: 328. 1806. 
C. bushii Britt. Man. 1044 (as to type). 1901. 
C. filiculmis var. macilentus Fern. Rhodora 8: 128. 1906. 
Slender cyperus-usually in open dry fields or pariries, frequently 
in sand or sandy soil-New Hampshire to Ontario, Minnesota, ·anQ. Ne-
braska, south to Florida, Texas, and northern Mexico. -i::·; 
IOWA DISTRIBUTION: map 4-h. UNCONFIRMED COUNTY REPORTS: Clinton 
(107), Floyd (107), Hancock (107), Linn (107), Mahaska (96), 
and Story (107, 132). NOTES: (a) Reports of this species from 
Louisa County (107) and from Wright County (107) are based on mis-
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identifications of specimens of C. schweinitzii. (b) Because of the possi-
bility of confusion between robust forms of this species and forms ·of C. 
schweinitzii with smooth culms and condensed spikelet clusters, some of 
the unconfirmed reports listed above may refer to that species. (c) O'Neill 
(60) has shown that C. bushii, as recognized by Britton, consisted of a 
mixture of this species and C. schweinitizii, and that the type is clearly 
referable here. The var. macilentus does not seem to merit the status of 
either a variety or a form. 
8. Cyperus diandrus Torr. Cat. Pl. N. Y. 90. 1819. 
Low cyperus-a species of low moist ground or marshy places, oc-
casionally found on river banks-New Brunswick to Minnesota and North 
Dakota, south to South Carolina, Tennessee, Kansas, and Colorado. 
IOWA DISTRIBUTION: map 4-i. SPECIMENS EXAMINED: Clinton County, 
Lyons, September 4, 1896, Pammel (G, ISC, NY, SUI) . Emmet County, 
Estherville, August 18, 1922, Wolden 655 (!SC, W). Muscatine County, 
Moscow, without date, Barnes and Miller (!SC). Palo Alto County, Booth 
Township, August 14, 1943, Hayden 3173 (!SC) ; Freedom Township, 
Medium Lake, September 22, 1940, Hayden 8334 (!SC) . NOTES: (a) The 
following county reports of this species are based on misidentifications of 
C. rivularis and should be referred to that species: Black Hawk (104), 
Dickinson (136, 159) , Emmet (142), Fayette (117, 126) , Johnson (164), 
Muscatine (138), Poweshiek (107), Story (107, 132, 139), Winnebago 
(142), Winneshiek (107, 126, 142, 155), and Worth (142). (b) The fol-
lowing reports, apparently unsubstantiated by specimens, may refer to 
either this species or to C. rivularis: Cerro Gordo (142), Dubuque (145) , 
Fremont (107), Hamilton (142), Johnson (119, 141), Linn (133), Lyon 
(153) , Scott (99) , Winnebago (98) , and Wright (142). 
9. Cyperus rivularis Kunth, Enum. 2: 6. 1837. 
C. diandrus var. castaneus Torr. Ann. Lye. N. Y. 3: 352. 1836. 
Shining cyperus-a species of low wet ground, especially, along 
streams, ponds, sloughs, and swamps-Maine to southern Ontario and 
Minnesota, south to North Carolina, Tennessee, Missouri, and Kansas; 
also in South America. 
IOWA DISTRIBUTION: map 4-j. UNCONFIRMED COUNTY REPORTS : Floyd 
(107) , Hardin (148) , Harrison (107), and Scott (99, 107). NOTE: see also 
the comments under C. diandrus, above. 
10. Cyperus odoratus L ., var. squarrosus (Britt.) Gilly, comb. nov. 
"C. ferax" of some American authors, in part; not of L. C. Rich. 1792 
(BB2, G) . 
" C. speciosus" of some American authors, in part; not of Vahl 1806 
(B, BB, BB2, R) . 
"C. michauxianus" of some Iowa authors; not of Schultes 1824. 
C. ferruginescens Bockl. Linnaea 36: 396. 1870. 
C. speciosus var. squarrosus Britt. Bul. Torrey Club 13: 214. 1886. 
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' C. speciosus var. ferruginescens (Bockl.) Britt. Mem. Torrey Club 
5: 61. 1894 (BB). 
C. ferax ssp. speciosus var. squarrosus (Britt.) Kiik. Pflanzenr. 
lOl[IV. 20]:620. 1936. 
Coarse cyperus-a species of wet or sandy soil-species distribution: 
Massachusetts to Ontario and Minnesota, south to Florida and Texas; 
also in California; rather widespread through tropical America; the var. 
squarrosus is essentially restricted to the Mississippi Valley, the Great 
Lakes area, and the Western Gulf Coastal Plain. 
IOWA DISTRIBUTION: map 4-k. UNCONFIRMED COUNTY REPORTS: Chicka-
saw (126), Clayton (126), Harrison (107), Lee (121), Ringgold (119), 
and Van Buren (107). NOTES: (a) The correct name to use for 
this entity has long been in dispute. Fernald (36) considered the 
Mississippi Valley plants to be distinct from those of the southeastern 
coastal plain and of the tropics (to which he applied the epithet f erax) , 
and decided that C. ferruginescens was the proper appellation for our 
plants of the interior. More recently, however, O'Neill (60, and personal 
communication), Dandy (in Exell: 22) and Fernald (34) have quite 
conclusively demonstrated that C. odoratus must be used for the tropical 
and southeastern United States plants of this complex; synonymy of the 
species includes C. ferax L. C. Rich. Act. Soc. Hist. Nat. Paris 1: 106. 1792; 
C. speciosus Vahl, Enum. 2: 364. 1806; and C. michauxianus Schultes, 
Mant. 2: 123. 1824. (b) I am unable, however, to satisfactorily separate 
the interior and Western Gulf Coastal Plain plants from those of the 
rest of the species range. It seems to me that this interior and western 
phase of the species, with the thinner, dull-brown to greenish scales, is 
better treated as a variety. 
11. Cyperus engelmanni Steud. Syn. Pl. Cyp. 47. 1855. 
Engelmann's cyperus-moist sandy swamps or prairie sloughs, or 
along pond or lake shores; sometimes in dried-up mud, marl, or other 
calcareous soil-Massachusetts to southern Ontario, Wisconsin, and Iowa, 
south to New Jersey, Indiana, and Missouri. 
IOWA DISTRIBUTION: map 4-1. NOTE: A report of this species from Van 
Buren County (123) was based on a misidentification of a specimen of 
C. strigosus. 
SPECIES OF CYPERUS DOUBTFULLY OR ERRONEOUSLY REPORTED FOR IOWA 
Cyperus flavescens L.-Although I have not seen the specimen 
on which the report for Hardin County (148) is based, I believe 
it probably is C. rivularis. C. flavescens, a species of the coastal plain from 
Maine to Florida and Mexico, and which extends into the lower Mississip-
pi embayment area, is known in the interior only around the Great Lakes. 
Cyperus refractus Engelm.-The report of this species for Van Buren 
County (123) was based on a misidentification of a specimen of C. escu-
lentus; the report from Linn County (133) has not been confirmed. 











k-Cyperus odoratus var. squarrosus. 
I-Cyperus engelmanni. 
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A SPECIES OF CYPERUS TO BE EXPECTED IN IOWA 
Cyperus tenuifolius (Steud.) Dandy11-This species almost certainly 
grows in southeastern Iowa, although I have seen no specimens as 
yet; it is to be expected in sandy or alluvial soil along ponds, streams, or 
rivers. It has been collected in adjacent Illinois and Missouri. 
3. HEMICARPHA Nees & Arn. Edinb. New Phil. Jour. 17:263. 1834. 
A small genus, of about five or six species, with the center of dis-
tribution in the tropics. Only one species is known in Iowa. 
1. Hemicarpha micrantha (Vahl) Britt. Bul. Torrey Club 15: 104. 1888. 
Scirpus micranthus Vahl, Enum. 2: 254. 1806. 
S. subsquarrosus Muhl. Gram. 39. 1817. 
H. subsquarrosa (Muhl.) Nees in Mart. Fl. Bras. 2 (1): 61. 1842. 
H. drummondii Nees in Mart. l. c., 62. 
H. micrantha var. drummondii (Nees) Friedland, Amer. Jour. Bot. 
28: 860. 1941. 
H. micrantha var. minor (Schrad.) Friedland, l. c. 
Small hemicarpha-usually found along stream or pond banks, some-
times in sandy soil; apparently never long-persistent in any locality toward 
the northern limits of its range-Maine to Michigan, Minnesota, Nebraska, 
and Arizona, south to Florida, Louisiana, Texas, and Mexico; also in 
Washington and California, and widespread in tropical America. 
IOWA DISTRmUTION: map 5-a. SPECIMENS EXAMINED: Black Hawk County, 
Waterloo, August, 1899, Hitchcock (M), September 1, 1893, Newton (T). 
Johnson County, 1899, Fitzpatrick and Fitzpatrick (ISC), September, 
1894, Shimek (M, F, SUI). Story County, near Story City, July 17, 1891, 
Pammel (ISC), August 28, 1934, Fults 2816 (ISC). Webster County, 
Fort Dodge, Paige (ISC), August 8, 1906, Oleson (ISC). UNCONFIRMED 
COUNTY REPORTS: Hardin (148)' Muscatine (99, 107)' and Scott (99, 107). 
NOTES: Friedland (37) has recently monographed the American species 
of this genus; he reports two out of the three varieties, which he recog-
nizes, for Iowa. Thus far, however, I have seen only specimens 
of var. minor. If one so desires, the two varieties may be distinguished, 
on the basis of the structure of the perianth scale,12 as follows: 
11 C. tenuifolius (Steud.) Dandy in Exell, Cat. Vase. Pl. S. Tome 363. 1944; 
Kyllinga pumila Michx. Fl. Bor.-Am. 1: 28. 1803, not Cyperus pumilus L. 1756; 
Kyllinga tenuifolia Steud. Syn. Pl. Cyp. 69. 1855; C. densicaespitosus Matt£. and Kiik. 
Pflanzenr. lOl[IV. 20):597. 1936. This species is usually included in the segregate 
genus Kyllinga by most authors. Kyllinga, however, is an artificial grouping of species 
of Cyperus in which the spikelets have been reduced to a 1-flowered condition. There 
seems to be no clear distinction, other than the reduction in flower number per spike-
let, between this group and typical Cyperus; since the species commonly placed in 
Kyllinga are derived from the several diverse sections of the genus Cyperus, there 
seems to be no justifiable reason for maintaining Kyllinga as a genus. 
12 Blaser (11) has recently interpreted this perianth scale as a prophyll (i.e., the 
lowermost leaf on the "branch" terminated by the flower); additional anatomical work 
should be carried out to determine which interpretation is correct. If the scale is 
shown to be a prophyll, then Hemicarpha should be placed in the Lipocarpha alliance. 
Hemicarpha, and also Fimbristylis, seem scarcely separable from the genus S.cirpus. 
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(a) perianth scale as long as or longer than the achene, at most only slightly erase, 
and with 3 to 5 vascular strands ... ... .. . . . ... . . . ......... . the var. drummondii 
(b) perianth scale shorter than achene, deeply bifid, variously cut or lobed, or some-
times absent; vascular strands short and inconspicuous 
or lacking ........... .. ............. . .................... the var. minor 
4. SCIRPUS L. Sp. Pl. 47.1753. 
A large genus with nearly world-wide distribution but most common 
in the temperate zones; more than 250 species are regarded as distinct. 
Ten species have been found in Iowa. 
KEY TO THE IOWA SPECIES 
A. Involucre of a single, scarcely leaf-like, bract; inflorescence appearing to be 
lateral on the culm. 
B. Culms triangular; spikelets few, sessile or almost so in a capitate cluster. 
C. Scales merely acute or mucronate at apices; perianth bristles longer than the 
achene; styles 3, the achene unequally triangular. . . . . . . 1. S. torreyi 
CC. Scales bifid at apices, the midrib prolonged between the teeth as a prominent 
mucro; perianth bristles shorter than the achene; styles 2, the achene lenticu-
lar (or, sometimes, styles 3 and the. achene obtusely 
triangular) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. S. american1rn 
BB. Culms terete; spikelets numerous, in small clusters of 1 to 7, arranged in com-
pound umbels or umbel-like corymbs. 
C. Stigmas 3; achenes triangular, the terminal apiculation one-fourth to one-
third as long as the achene body; scales essentially glabrous, with erose but 
not ciliate margins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. S . heterochaetus 
CC. Stigmas 2; achenes lenticular, the terminal apiculation but one-eighth as 
long as the achene body; scales more or less pubescent, the margins erase or 
entire and usually conspicuously ciliate. 
D. Achenes 2 mm. or less in length; scales broadly ovate, scarcely (if at all) 
longer than the achenes; spikelets ovoid, less than 1 cm. long (except in the 
forma megastachyus) .. .. .. ....... . . . ......... .. .... 4. S. validus 
var. creber 
DD. Achenes 2.5 mm.- 3 mm. long; scales lanceolate-oblong, about one-third 
longer than the achenes; spikelets oblong-cylindrical, normally 1 cm.-2 cm. 
long . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. S. acutus 
AA. Involucre of several flat, leaf-like bracts; inflorescence appearing to be terminal. 
B. Spikelets large, 1 cm.- 3 cm. long; achenes 3 mm.-4 mm. long. 
C. Stigmas 2; achenes lenticular; spikelets capitate or umbellate, on 
short pedicels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. S . paludosus 
CC. Stigmas 3; achenes triangular; spikelets long-pedicelled in a loose open 
inflorescence . . . .. ... ... .. . .. . .. ..... . . .. ... . . . ... . . . . . . 7. S . fluviatilis 
BB. Spikelets small, 0.5 mm.-1 mm. long; achenes 1.5 mm. long or less. 
C. Perianth bristles downwardly barbed, scarcely as long as the achenes, or 
sometimes absent; culms usually solitary; plants with thick, scaly rhizomes. 
D . Scales acute, acuminate or mucronate, greenish-brown to dark brown or 
blackish, 1.5 mm.-2 mm. long, only slightly longer than the achenes; leaves 
medium- to dark-green ... . ..... . ....... . ..... . ... . . 8. S. atrovirens 
DD. Scales with midribs prolonged as more or less scabrous awns, one-fourth as 
long to almost as long as the scale bodies, the scales usually straw-colored 
or light-brown, 2 mm.-3 mm. long, about twice as long as the achenes; 
leaves pale-green . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ta. S. atrov irens 
var. pallidu s 
CC. Perianth bristles smooth, barbless, flexuous, considerably longer than the 
achenes; culms tufted or cespitosely clustered; plants non-rhizomatous. 
D. Spikelets cylindrical, smooth, shining, 5 mm.- 10 mm. long; perianth bristles 
not exceeding scales at maturity. . . . . . . . . . . . . . . . . . . . . 9. S. lineatus 
DD. Spikelets ovoid, dull, appearing wooly at maturity, about 5 mm. or less in 
length; perianth bristles much exceeding the scales at maturity. 
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E. Spikelets in glomerules of 3 or more, all sessile or nearly so; involucels 
reddish-brown or dull gray-brown with blackish 
bases .. . . .. .......... . .................. . .......... 10. S. cyperinus 
EE. Spikelets mostly pedicelled (at least the lateral ones in each cluster are); 
involucels various in color. 
F . Involucels stramineous, brown or red-brown (terra-cotta); perianth 
hairs brownish or reddish. 
G. Involucels dull-brown or stramineous; spikelets dull-brown, drab or 
straw-colored; perianth hairs brownish ... .. ... lOa. S. cyperinus 
var. laxus 
GG. lnvolucels bright reddish-brown; spikelets reddish-brown; perianth 
hairs reddish . .. .. . . . ..... . . . . . . .. .. . .... . .. .. lOb. S . cyperinus 
var. rubricosus 
FF. Involucels black or blackish; spikelets dull-brown to blackish; perianth 
hairs whitish or pale . ...... .. . . ......... . ..... . .. lOc. S. cyperinus 
var. brachypodus 
1. Scirpus torreyi Olney, Proc. Prov. Frank. Soc. 1: 32. 1847. 
Torrey's bulrush-in swamps or occasionally along stream or lake 
margins-Maine to Manitoba, south to Pennsylvania, Indiana, Missouri, 
and North Dakota. 
IOWA DISTRIBUTION: map 5-b. SPECIMEN EXAMINED: Clinton County, 
July 10, 1878, Butler 3 (G). NOTE: This species was previously unreport-
ed for the state except as included in the range given for the species in 
"Gray's" Manual (66) and Rydberg's Flora (67). 
2. Scirpus americanus Pers. Syn. 1: 68. 1805. 
S . pungens Vahl, Enum. 2: 255. 1806. 
S. pungens var. polyphyllus Bockl. Linnaea 36: 709. 1870. 
S. americanus var. polyphyllus (Bockl.) Beetle, Amer. Jour. Bot. 
30: 399. 1943. 
American bulrush-marshes, bogs, low swampy grm,md, lake and 
pond shores, and prairie sloughs are the usual habitat for this species-
Newfoundland to Manitoba and British Columbia, south to Florida, 
Louisiana, Texas, and California; also in Chile. 
IOWA DISTRIBUTION: map 5-c. UNCONFIRMED COUNTY REPORTS: Harrison 
(159) , Muscatine (99, 107), Scott (99, 107), and Winneshiek (142, 155). 
NOTE: Beetle (6) has recently appended a number of varieties to this 
species. One of these varieties is found in Iowa, along with the typical 
phase of the species, and may be separated, if one wishes to do so, as 
follows : 
(a) style 2-branched; 2, or rarely 3, of the basal sheaths bearing 
blades . .... ..... .. . .. . . .. ... ... . . .... . ....... . . .. . . .... . .. typical americanus 
(b) style 3-branched; 3 or more of the basal sheaths terminating in 
leafy blades .. . . . .. ...... . . .. . . . . . ....... . .. .. .. . ..... . ... the var. polyphyllus 
3. Scirpus heterochaetus Chase, Rhodora 6: 70. 1904. 
Pale great bulrush-in swamps, sloughs, and along lake shores, in 
1- 3 feet of water-Quebec and Massachusetts to North Dakota, south to 
Illinois, Missouri, and Oklahoma; also in Idaho, Washington, and Oregon. 
IOWA DISTRIBUTION: map 5-d. NOTE : see discussion under S. validus, 
var. creber, below. 
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4. Scirpus validus Vahl, var. creber Fern. Rhodora 45: 283. 1943. 
"S. lacustris" of many American authors; not of L. 1753 (B, BB). 
"S. validus" of many American authors; not of Vahl 1806 (BB2, G, R). 
S. validus var. creber f. megastachyus Fern. Rhodora 45: 283. 1943. 
Great bulrush-common in sloughs, ditches, swamps, and in water 
around margins of ponds and lakes-Newfoundland to Manitoba and 
British Columbia, south to Georgia, Tennessee, Missouri, Oklahoma, 
Texas, New Mexico, northern Mexico, and California; reported from the 
Hawaiian Islands, from Manchuria and Japan, and south to Australia 
and New Zealand. 
IOWA DISTRIBUTION: map 5-e. UNCONFIRMED COUNTY REPORTS: Appanoose 
(119), Butler (107), Cerro Gordo (141, 142), Clayton (118), Dubuque 
(118), Floyd (107), Fremont (119), Hamilton (137), Hardin (148), 
Harrison (159), Lee (121), Mahaska (96), Muscatine (99, 107, 138), Scott 
(99, 107, 134), Shelby (119), Woodbury (136), Worth (142), and Wright 
(142). NOTES: (a) Some of the earlier of these reports, particularly those 
listed as "S. lacustris," may refer to either S. acutus or S. heterochaetus 
instead of to this species. (b) The Decatur County record on the map is 
based on specimens examined by A. A. Beetle. (c) Reports of this species 
from Cerro Gordo County (107), Fremont County (88), and Pottawatta-
mie County (136) were based on misidentifications of specimens of S. 
acutus, and a report from Hancock County (107) was based on a mis-
identification of a specimen of S. heterochaetus. (d) Fernald (33) has 
recep.tly shown that almost all of North American material is to be in-
cluded in the var. creber; the true C. validus Vahl (Enum. 2: 268. 1806) 
is confined to tropical America and Florida. The forma megastachyus has 
larger spikelets (9 mm. to 15 mm. long) and larger achenes (2.3 mm. to 
2.8 mm. long and 1.4 mm. to 1.8 mm. broad). 
5. Scirpus acutus Muhl. ex Bigelow, Fl. Bost. 15. 1814. 
S. occidentalis (Wats.) Chase, Rhodora 6: 68. 1904 (BB2, G). 
Viscid great bulrush-like the two preceding species, this is found 
along the edges of lakes and streams and in swamps-Newfoundland to 
British Columbia, south to North Carolina, Tennessee, Oklahoma, New 
Mexico, Arizona, and California. 
IOWA DISTRIBUTION: map 5-f. NOTE: A report of this species from Black 
Hawk County (104) was based on a misidentification of a specimen of S. 
heterochaetus; see also the discussion under S. validus, above. 
6. Scirpus paludosus A. Nels. Bul. Torrey Club 26: 5. 1899. 
S. campestris Britt. in Britt & Brown, Ill. Fl. 1: 267. 1896; not of 
Roth 1795 (B, BB, BB2) . 
S. campestris var. paludosis (A. Nels.) Fern. Rhodora 2: 241. 1900 
(G). 
Prairie bulrush-swamps, marshes, and prairie sloughs, in fresh or 
saline water-Manitoba and Minnesota to British Columbia, south to 
Iowa, Kansas, Arizona, and northern Mexico; local in the east from New 
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Brunswick to Quebec and south to New Jersey; also in South America 
and reported from the Hawaiian Islands. 
IOWA DISTRIBUTION: map 5-b. SPECIM;ENS EXAMINED: Palo Alto County, 
Booth Township, Rush Lake, July 23, 1942, Hayden 7604 (ISC), August 
14, 1943, Hayden 3163 (ISC). NOTE: The eastern material has recently 
been segregated by Fernald (33) as var. atlanticu~. 
7. Scirpus fluviatilis (Torr.) A. Gray, Man. 527. 1848. 
"S. maritimus" of some authors; not of L. 1753. 
S. maritimus var. fluviatilis Torr. Ann. Lye. N. Y. 3: 324. 1836. 
River bulrush-in marshes, swamps, or in deep or shallow water 
along streams and lakes-southern Massachusetts and Quebec to Minne-
sota, North Dakota, Montana, and Washington, south to northern Virginia, 
northern Indiana, Missouri, Kansas, New Mexico, and California. 
IOWA DISTRIBUTION: map 5-g. UNCONFIRMED COUNTY REPORTS: Hamilton 
(142), Hancock (107, 124), Hardin (148), Johnson (124, 164), Kossuth 
(107), Mahaska (97), Story (92, 107, 124, 132), and Worth (142). NOTES: 
(a) The species has also been reported, in letter, by M. McDonald for 
Jefferson County (Lockridge Township) and Louisa County (in the 
Conesville marshes); no specimens were collected at either locality. 
(b) The Decatur County record on the map is based on specimens collected 
by Fitzpatrick and by J.P. Anderson which have been examined by A. 
A. Beetle. 
8. Scirpus atrovirens Willd. Enum. Pl. Hort. Berol. 79. 1809.13 
S . georgianus Harper, Bul. Torrey Club 27: 331. 1900. 
S. atrovirens var. georgianus (Harper) Fern. Rhodora 23: 134. 1921. 
Dark-green bulrush-found in swamps, sloughs, prairie swales, and 
along pond and stream banks-Nova Scotia to Manitoba, and Saskatche-
wan, south to Georgia, Louisiana, and Texas. 
IOWA DISTRIBUTION: map 5-h. UNCONFIRMED COUNTY REPORTS: Benton 
(107), Dubuque (118, 145), Floyd (107, 124), Hardin (148), Harrison 
(107), Mahaska (96), Montgomery (120), Polk (124), Scott (99, 107), 
Woodbury (136), and Worth (142). NOTES: (a) The Shelby County 
record on the map is based on a Fitzpatrick specimen examined by A. A. 
Beetle. (b) This polymorphic species has been variously handled by 
different authors; some considering it to be composed of several varieties, 
and others considering these varieties as distinct species. Some few speci-
mens can be clearly referred to georgianus and numerous others to palli-
dus, but the intergradations between these extremes and typical S. atro-
virens are so numerous and so varied that I cannot accept specific 
status for either of the extremes, nor even varietal status for 
georgianus. Specimens which show evident combinations of characters 
and intergradations between the two extremes are not rare. There ap-
pears to be no clear geographical segregation of the following variety, 
" Usually attributed to Muhlenberg (Gram. 43. 1817), but Beetle (8) has shown 
that the real author of the species is Willdenow. 
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although most specimens of it come from the western part of the species 
range; the georgianus phase is more plentiful in the southeast. 
Ba. Scirpus atrovirens Willd., var. pallidus Britt. Trans. N. Y. Acad. Sci. 
9: 14. 1889. 
S. pallidus (Britt.) Fern. Rhodora 8: 162. 1906. 
Pale bulrush-swamps, sloughs, and prairies swales, sometimes along 
pond and stream banks-Minnesota to Wyoming, south to Texas and New 
Mexico; also in the Great Basin. 
IOWA DISTRIBUTION: map 5-i. NOTE: See discussion, above, under the 
species. 
9. Scirpus lineatus Michx. Fl. Bor.-Amer. 1: 32. 1803. 
Eriophorum lineatum (Michx.) Benth. & Hook. Gen. Pl. 3: 1052. 
1883. 
Reddish bulrush-in swamps or boggy prairie areas, or along ponds 
and streams-Maine, New Hampshire, and Ontario to Manitoba and 
Oregon, south to northern Florida, Alabama, and Texas. 
IOWA DISTRIBUTION: map 5-j. UNCONFIRMED COUNTY REPORTS: Hamilton 
(142), Muscatine (99, 107), Scott (99, 107), and Winnebago (98). NOTE: 
The records on the map for Johnson and Appanoose Counties are based 
on data sent in letter by A. A. Beetle, who examined the specimens. 
10. Scirpus cyperinus (L.) Kunth, Enum. 2: 170. 1837.14 
Eriophorum cyperinum L. Sp. Pl. ed. 2. 77. 1762. 
S. thyrsiflorus Willd. Enum. Pl. Hort. Berol. 78, nomen superfluum. 
1809. 
S. eriophorum var. cyperinus (L.) A. Gray, Man. ed. 2. 501. 1856. 
S. eriophorum var. andrewsii Fern. Proc. Amer. Acad. 34: 501. 1899. 
S. eriophorum var. condensatus Fern. Z. c. 
S. cyperinus var. andrewsii (Fern.) Fern. Rhodora 2: 16. 1900. 
S. cyperinus var. condensatus (Fern.) Fern. Z. c. 
S. syperinus var. pelius Fern. Rhodora 8: 164. 1906. 
Wool-grass-wet meadows, prairie sloughs, swamps, boggy spots, and 
along sluggish streams-Newfoundland to Ontario, Manitoba, and Sas-
katchewan, south to Virginia, Tennessee, and Arkansas. 
IOWA DISTRIBUTION: map 5-k. NOTES: (a) The several "species" included 
in synonymy under this species and the three varieties which I am here 
recognizing do not appear to merit independent recognition. Achenes 
of all are essentially the same in size, proportions, color, and surface mark-
ings. There is some variation in size and shape of the spikelet scales, but 
the variation (obtuse, acute, or mucronate apices; smooth or scabrid 
mucro; entire or erose margins) may frequently be assorted in different 
manners on individual plants. Degree of pedicellation of spikelets, and 
" Only specific and varietal names have been included in the synonymy of this 
species and the three varieties which I am recognizing. Numerous forms have 
been proposed by several authors, but it seems needless to mention them here. 
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the color of involucels and ba::;es of the involucral bracts have been used 
as the strongest characters for the separation of the "species." It is of 
more than passing interest to note that most of the varieties usually recog-
nized under these "species" differ from the species to which they are 
appended in having involucels and involucral bracts of the color char-
acteristic of another of the "species." The degree of pedicellation, or its 
lack, and the resultant diffuseness of inflorescence or agglomeration of 
spikelets and spikelet clusters does not seem to be correlated with the 
color differences. I am forced to the conclusion, after study of a 
large series of specimens, that this species complex is best treated as a 
single polymorphic species composed of a number of more or less geo-
graphically segregated varieties which are characterized by reasonably 
constant characters of color and inflorescence structure.15 
lOa. Scirpus cyperinus (L.) Kunth, var. laxus (A. Gray) Wats. & Coult. 
in A. Gray, Man. ed. 6. 582. 1890. 
S. eriophorum var. laxus A. Gray, Man. ed. 2. 501. 1856 . 
. S. pedicellatus Fern. Rhodora 2: 16. 1900. 
S. pedicellatus var. pullus Fern. l. c., 17. 
S. atrocinctus var. grandis Fern. l. c. 
Long-stalked wool-grass-habitat essentially a? in the species-
Connecticut and eastern Quebec to Minnesota, south to New York, Ohio, 
Indiana, and Iowa. 
IOWA DISTRIBUTION: map 5-1. SPECIMENS EXAMINED : Muscatine County, 
Muscatine, summer of 1935, Estle and Brown (ISC, NY). Winneshiek 
County, Calmar Township, June 30, 1933, Tolstead (ISC). NOTE: The 
record on the map for Floyd County is based on a specimen examined by 
A. A. Beetle. 
lOb. Scirpus cyperinus (L.) Kunth, var. rubricosus (Fern.) Gilly, comb. 
et stat. nov. 
S. eriophorum Michx. Fl. Bor.-Amer. 1: 33, nomen superfluum. 1803. 
S. cyperinus var. eriophorum (Michx.) Kuntze, Rev. Gen. Pl. 2: 757. 
1891. 
S. rubricosus Fern. Rhodora 47: 124. 1945. 
Southern wool-grass-habitat essentially as in the species-along 
coastal plain from Massachusetts to Florida and west to eastern Texas, 
in scattered localities west of the Appalachian Mountains, and north in 
. the Mississippi Valley to southern Iowa. 
IOWA DISTRIBUTION: map 5-1. SPECIMENS EXAMINED: Davis County, Lick 
Creek Township, June 26, 1939, Hayden 9196 (ISC), September 7, 1940, 
Hayden 8330 (ISC). 
" Fernald (34) has shown that both Michaux and Willdenow, the former in 
describing his S . eriophorum (see below, the var. rubricosus), and the latter in pub-
lishing his S. thyrsiflorus, not only failed to take up the earlier Linnaean epithet cy-
perinus when publishing their new species, but also included it in direct synonymy. 
The epithets, then, which they proposed are illegitimate since they were superfluous 
when published; see Art. 60 of the International Rules of Botanical Nomenclature (12). 
FIGURE 5. Distribution Maps of Iowa Cyperaceae. 
a-H emicarpha micrantha. 
b---Scirpus torreyi ( • ) and Scirpus paludosus ( A. ). 
c-Scirpus americanus. 
d-Scirpus heterochaetus. 




i-Scirpus atrovirens var. pal!idus. 
j-Scirpus lineatus. 
k-Scirpus cyperinus. 
1-Scirpus cyperinus var. !axus ( o ), Scirpus cyperinus var. rubricosus ( + ), and 
Scirpus cyperinus var. brachypodus ( A. ). 
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lOc. Scirpus cyperinus (L.) Kunth, var. brachypodus (Fern.) Gilly, comb. 
nov. 
S. atrocinctus Fern. Proc. Amer. Acad. 34: 502. 1899. 
S. atrocinctus var. brachypodus Fern. l.c., 503. 
Eriophorum cyperinum var. brachypodum (Fern.) Farw. Ann. Rpt. 
Mich. Acad. Sci. 6: 204. 1904. 
Northern wool-grass-much the same habitat as the species, with 
the inclusion of bogs and cold springy spots-Newfoundland to James 
Bay and British Columbia, south to New Jersey, Pennsylvania, Michigan, 
Iowa, Manitoba, and Saskatchewan. 
IOWA DISTRIBUTION: map 5-1. SPECIMENS EXAMINED: Clinton County, July 
1, 1878, Butler 7 (G). Worth County, bog near Fertile, September, 1908, 
Pa,mmel . (ISC) . 
SPECIES OF SCIRPUS DOUBTFULLY OR ERRONEOUSLY REPORTED FOR IOWA 
Scirpus hallii A. Gray-This species has been reported from Musca-
tine County (99, 107) ; I have not been able to find the specimen on which 
these reports are based. 
Scirpus subtermina,lis Torr.-This species has been reported from 
Jefferson County (123) but the specimen which formed the basis of that 
report is S. americanus Pers. 
5. ERIOPHORUM L. Sp. Pl. 52. 1753. 
A small genus of boreal, alpine, and north-temperate zone species, 
characterized by the elongated and compound perianth bristles from 
whence the common name, "cotton-grass," is derived; otherwise, much as 
in Scirpus. About ten or twelve species, two of which have been found 
in Iowa, are recognized as distinct. 
KEY TO THE IOWA SPECIES 
A. Blade of the uppermost leaf as long as or longer than the sheath; leaves 3 mm.-
8 mm. wide; sheaths blackish-margined at mouth; scales with conspicuous hyaline 
tips, the midribs not reaching the apices ........ ... . ........ 1. E. angustifolium 
AA. Blade of the uppermost leaf much shorter than its sheath; leaves 2 mm. or less in 
width; scales not hyaline-tipped, the midrib prominent to the 
apices ..................... . . ... .......................... 2. E. gracile 
1. Eriophorum angustifolium Roth, Tent. 1: 24. 1788. 
"E. polyst<Lchyon" of many authors; not of L. 1753 (BB). 
E. angustifolium var. m<Ljus Schultz, Fl. Starg. Suppl. 5. 1819. 
Tall cotton-grass-in bogs, hanging bogs, wet prairie sloughs, or 
marshes-throughout much of arctic North America, south to Maine, 
Ontario, Illinois, Iowa, South Dakota, Montana, and Oregon. 
IOWA DISTRIBUTION: map 6-b. UNCONFIRMED COUNTY REPORTS: Hamilton 
(142), Hardin (148), Mitchell (167), Muscatine (99), Scott (99), and 
Story (100, 130). 
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2. Eriophorum gracile Koch, Cat. 2: 259. 1800. 
"E. gracile var. paucinervium" of some Iowa authors; not of Engelm. 
1852. 
Slender cotton-grass-almost wholly confined to bogs-Newfoundland 
and Hudson Bay to British Columbia, south to New York, New Jersey, 
Illinois, Nebraska, and California. 
IOWA DISTRIBUTION: map 6-a. SPECIMENS EXAMINED: Emmet County, 1878, 
Cratty (ISC), June, 1893, Cratty (SUI); Armstrong, June 6, 1883, Cratty 
(ISC), without date, Paige (ISC). Webster County, Fort Dodge, May 23, 
1905, Oleson (ISC). UNCONFIRMED COUNTY REPORTS: Dickinson (158) and 
Wright (107). NOTE: E. tenellum Nutt. (the true E. gracile var. pauciner-
vium Engelm.) differs from this species by its rough culms and uppermost 
leaf blades longer than their sheaths; it is known from Illinois and Wis-
consin, and thus might be expected in northeastern Iowa. 
SPECIES OF ERIOPHORUM ERRONEOUSLY REPORTED FOR IOWA 
Eriophorum viridicarinatum (Engelm.) Fern.-This species was list-
ed for Iowa in "Gray's" Manual (66) on the basis of a misidentification of 
a specimen of E. angustifolium (Fayette County, Fayette, May, 1894, 
Fink) now in the Gray Herbarium. It has also been reported from Ma-
haska County (97) ; although I have not seen the specimen on which 
this report is based, I suspect that it, too, has been misidentified. 
6. FIMBRISTYLIS Vahl, Enum. 2: 285. 1806.16 
About 125 species are usually recognized in this largely tropical 
genus; only one species is known in Iowa. 
1. Fimbristylis autum~lis (L.) R. & S. Syst. 2: 97. 1817. 
Scir;pus autumnalis L. Mant. 2: 180. 1781. 
Scirpus mucronulatus Michx. Fl. Bor.-Amer. 1: 31. 1803. 
F. geminata Kunth, Enum. Pl. 2: 247. 1837 (BB2). 
F. frankii Steud. Syn. Pl. Cyp. 111. 1855 (B, G). 
F. mucronulata (Michx.) Blake, Rhodora 20: 25. 1918. 
F. autumnalis var. mucronulata (Michx.) Fern. Rhodora 37: 398. 1935. 
Slender fimbristylis-sandy or moist soil-Maine and Ontario to 
Indiana, Iowa, and Kansas, south to Florida, Louisiana, and Texas; wide-
spread in tropical America. 
IOWA DISTRIBUTION: map 6-a. SPECIMENS EXAMINED: Muscatine County, 
Fruitland, without date, Barnes and Miller (ISC); Moscow, without date, 
Barnes and Miller (ISC). UNCONFIRMED COUNTY REPORTS: Lee (107) and 
1
• This genus probably should be merged with Scirpus from which it is but weakly 
separated (see Key to the Iowa Genera, page 69) . The enlarged base of the deciduous 
style seems to represent a condition transitional between Scirpus and Bulbostylis. 
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Scott (99). NOTES: Blake (10) and Fernald (29) have clarified the nom-
enclatural problems involved with this species. Iowa material includes 
both phases of the species which may be distinguished if one desires, as 
follows: 
(a) umbels usually simple ; spikelets ovoid; achenes about 0.75 mm. 
long . ... ... .. . .. .. . .. .... . .. .. . . .. . . . ..... ... ...... ... . . .. .. typical autumnalis 
(b) umbels usually compound; spikelets narrowly cylindric; achenes about 0.5 mm. 
long .... . ........ . . .. . . .. .... ... . . ... . .. . . .... .. .... .. .... the var. mucronulata 
7. BULBOSTYLIS Kunth ex C. B . Clarke in Hook.£. Fl. Br. Ind. 6:651. 1893." 
Stenophyllus Raf. Neog. 4. 1825. 
An essentially tropical genus of at least 50 species; only one is known 
in Iowa. 
1. Bulbostylis capillaris (L.) C. B. Clarke, in Hook. f. Fl. Br. Ind. 6: 651. 
1893. 
Scirpus capillaris L. Sp. Pl. 49. 1753. 
Stenophyllus capillaris (L.) Britt. Bul. Torrey Club 2: 30. 1894 (B, 
BB, BB2, G, R) . 
B. ca,pillaris var. pycnostachys Fern. Rhodora 19: 154. 1917. 
B. capillaris var. crebra Fern. Rhodora 40: 395. 1938. 
Slender bulbostylis-usually found in more or less sandy soil, some-
times in railroad ballast-Maine to Florida, westward to the Pacific Coast; 
frequently a waif in the northern part of this range; also widely distributed 
in the tropics. 
IOWA DISTRIBUTION: map 6-c. SPECIMENS EXAMINED : Muscatine County, 
Fruitland, August, 1896, Barnes and Miller (ISC, SUI) . UNCONFIRMED 
COUNTY REPORTS: Dickinson (157, 159) ' Lee (93)' and Scott (99, 107). 
NOTES: Fernald recognizes several varieties of this species, two of which 
are included in the single Iowa specimen-which consists of about eight 
plants-available for study. The var. pycnostachys is the typical form of 
the species, and the var. crebra differs from it in having the spikelets of 
the terminal umbel pedicellate and no sessile spikelets at the base of the 
leaves. · 
8. ELEOCHARIS R. Br. Prod. 1:209. 1810. 
This genus, like Cyperus, has an almost world-wide range with its 
center of distribution in the tropics and sub-tropics. About 150 species are 
recognized as distinct; ten species are known in Iowa. 
KEY TO THE row A SPECIES 
A. Style-base confluent with the achene; the tubercle, although of definitely differ-
ent texture than the body of the achene, not forming a distinct 
apical cap . ..... . ... .. . .. .......... .. ....... . .... .. . . ..... . 1. E. pauciflora 
var. fernaldii 
" Fernald (30) already has adequately discussed the unfortunate conservation of 
this generic nai:ne over the adequately published Stenophyllus Raf. 
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AA. Style-base forming an obvious cap-like tubercle on the apex of the achene. 
B. Tubercle more or less conical, pyramidal or sometimes bulbously swollen (if 
laterally compressed, as sometimes in E. calva and E. macrostachya, then lighter 
in color than the achene); achenes lenticular, biconvex or triangular. 
C. Achenes triangular or essentially so; style 3-branched. 
D. Surfaces of the whitish achenes conspicuously transversely cellular-
reticulated between prominent longitudinal ridges. 
E. Culms coarse, firm, flattened, and 2-edged (the edges sometimes in-
rolled so that the culm appears to be terete), 0.5 mm.-1 mm. wide; plants 
usually more than 15 cm. tall; scales sharply acute at apices, the triangular 
apical portion conspicuously white-hyaline .......... 2. E. wolfii 
EE. Culms capillary, weak, angled, or almost terete, less than 0.5 mm. in 
diameter; plants dwarfed, usually less than 10 cm. tall; scales obtuse at 
apices, narrowly (if at all) hyaline-margined . . . . . . . 3. E. acicularis 
DD. Surfaces of the brown and yellow achenes smooth, minutely pitted, or 
warty. 
E. Achene 1 mm.-1.5 mm. long, golden yellow, the surface minutely pitted 
(appearing almost smooth under a low-power hand lens); scales narrowly 
lanceolate, the apices conspicuously white-hyaline, acuminate, usually 
deeply bifid ........... . ............................ . 4. E. compressa 
EE. Achene 0.75 mm.-1 mm. long, olive-brown or dark-brown (rarely some-
what yellowish when young), the surface either verrucose (warty) or so 
deeply cellular-pitted as to appear papillose or verrucose; scales rounded 
to acute at apices, scarcely (if at all) hyaline margined, the apices entire. 
F. Plants 3 dm.-9 dm. tall; culms about 1 mm. or more in diameter; scales 
dark red-brown; spikelets many-flowered ......... . 5. E. tenuis 
FF. Plants 6 cm. or Jess in height; culms filiform; scales green to pale brown; 
spikelets few-flowered . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. E. coloradoensis 
CC. Achenes lenticular or biconvex; style 2-branched. 
D. Tubercle minute, depressed-conic, almost saucer-shaped; achenes black, 
Jess than 0.5 mm. long . . ............................. . 7. E. atropurpurea 
DD. Tubercle conspicuous, more or less bulbously swollen at base, subterete or 
somewhat triangular (occasionally somewhat laterally compressed); 
achenes yellow or brownish, more than 1 mm. long. 
E. Basal empty scales 2 or 3, oblong, contiguous with the culm, the spike 
appearing as if inserted into the split apex of the culm; fertile scales nar-
rowly lanceolate, acute to acuminate at the apices, the central portion firm 
in texture, the marginal areas membranous ......... . 8. E. macrostachya 
EE. Basal empty scale 1, broadly orbicular, spathiform, and encircling the 
entire base of the spike, the spike often appearing to be obliquely offset 
from the culm; fertile scales oblong to lanceolate, obtuse and rounded at 
apices, the entire scale membranous in texture ...... . 9. E. calva 
BB. Tubercle strongly laterally compressed, appearing as a dark brown triangular 
wafer with the broadest edge attached to the truncated apex of the lenticular 
to biconvex, obovate, pale or light brownish achene. 
C. Tubercle of the achene prominent, one-third to one-fourth the height of the 
achene body; perianth bristles usually longer than the achene; scales more or 
less orbicular ......................................... .10. E. obtusa 
CC. Tubercle of the achene low, generally no more than one-seventh the height 
of the achene body; perianth bristles usually shorter than the achene (or 
sometimes absent); scales oblong or lanceolate ......... .lOa. E. obtusa 
var. engelmanni 
1. Eleocharis ,pauciflora (Lightf.) Link., var. fernaldii Sv. Rhodora 36: 380. 
1934. 
"Scirpus pauciflorus" of many American authors; not of Light£. 
1777 (B, BB, BB2, G) . 
"E. pauciflora" of some Iowa authors; not of Link. 1827 (R). 
Few-flowered spike-rush-wet soil along edges of ponds and lakes, 
bogs, prairie sloughs, muddy ditches-Newfound~and to Quebec, Ontario, 
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and Michigan, south to New Hampshire, Vermont, New York, Pennsyl-
vania, Indiana, Illinois, and Iowa. 
IOWA DISTRIBUTION: map 6-c. SPECIMENS EXAMINED: Emmet County, 
Emmet Township, June 24, 1931, Wolden (ISC), July 14, 1931, Wolden 
1498 (G, ISC, W). NOTE: Svenson (73) recognizes several additional 
varieties of this species in the western part of North America. The typical 
phase of the species is confined to Europe and a few areas in northern 
Asia. 
2. Eleocharis wolfii (A. Gray) A. Gray in Patterson, Cat. Pl. Ill. 46. 1876. 
Wolf's spike-rush-usually found in wet meadows and prairies, or 
in shallow water along ponds-southern Indiana to northern Iowa and 
Saskatchewan, south to eastern Tennessee, Alabama, Louisiana, and Colo-
rado; recently reported from one locality on Long Island, New York (74). 
IOWA DISTRIBUTION: map 6-d. SPECIMENS EXAMINED: Emmet County, 
July 15, 1882, Cratty (G), June 9, 1886, Cratty (ISC, NY, SUI), summer 
of 1938, Wolden (W); Armstrong, 1885, Cratty (GRC, ISC). UNCONFIRMED 
COUNTY REPORTS: Dickinson (157)' Johnson (107), and Palo Alto (145). 
NOTE: A report of this species for Black Hawk County (104) was based 
on a misidentification of a specimen of E. acicularis. 
3. Eleocharis acicularis (L.) R. & S. Syst. 2: 154. 1817. 
Needle spike-rush-in wet prairies or along muddy shores, stream 
banks, and swamp edges-Greenland, southern Labrador, and Newfound-
land to northern Manitoba and British Columbia, south to Florida, Ala-
bama, Tennessee, Missouri, Oklahoma, New Mexico, and California; also 
in Europe from northern Scandinavia to northern Spain and Italy, in 
temperate-zone Asia, Japan, and the Caucasus. 
IOWA DISTRIBUTION: map 6-e. UNCONFIRMED COUNTY REPORTS: Cerro Gordo 
(142), Floyd (107), Hamilton (137, 142), Hardin (148), Kossuth (107), 
Muscatine (99, 107), Poweshiek (107), Scott (99, 107), Winneshiek (142), 
Woodbury (136), and Worth (142). 
4. Eleocharis compressa Sull. Amer. Jour. Sci. 42: 50. 1842. 
? Scirpus acuminatus Muhl. Gram. 27, nomen ambiguum. 1817. 
? E. acuminata (Muhl.) Nees, Linnaea 9: 294. 1835 (B, BB, BB2, G, 
R). 
Flat-stemmed spike-rush-wet or damp places-southern Quebec 
to Saskatchewan, south to Virginia, northwestern Georgia, Missouri, 
northern Texas, and Colorado. · 
IOWA DISTRIBUTION: map 6-f. UNCONFIRMED COUNTY REPORTS: Benton 
(72), Hancock (107), Story (107), and Wright (172). NOTE: According 
to Svenson (172), E. acuminata Nees is based on the incomplete and un-
identifiable description of Scirpus acuminatus Muhl.; this name, therefore, 
should not be used for this species. 
... 
FIGURE 6. Distribution Maps of Iowa Cyperaceae. 
a-Fimbristylis autumnalis (" ) and Eriophorum gracile ( • ). 
b-Eriophorum angustifolium. 
c-Bulbostylis capillaris ( • ) and Eleocharis pauciflora var. fernaldii ("). 
d-Eleocharis wolfii ( " ) and Eleocharis tenuis ( • ). 
e--Eleocharis acicularis. 
f-Eleocharis compressa. 




k-Eleocharis obtusa var. engelmanni. 
1-Rhynchospora capillacea. 
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5. Eleocharis tenuis (Willd.) Schultes, Mant. 2: 89. 1824. 
E. capitata var. verrucosa Sv. Rhodora 34: 202. 1932. 
E. tenuis var. verrucosa (Sv.) Sv. Rhodora 41: 66. 1939. 
Slender spike-rush-usually in ditches or along muddy stream banks, 
sometimes in swamps or on wet prairies-Nova Scotia to Maine, Pennsyl-
vania, Indiana, Iowa, and eastern Oklahoma, south to South Carolina, 
Tennessee, Missouri, Louisiana, and Texas. 
IOWA DISTRIBUTION: map 6-d. UNCONFIRMED COUNTY REPORTS: Mahaska 
(96), Muscatine (99), and Scott (99). NOTES: (a) · A report of this 
species from Emmet County (168) is based on a misidentification of a 
mixture of E. compressa and E. calva. The reports from Lyon County 
(107, 153) are based on misidentifications of E. calva, and a report for 
Poweshiek County (107) was based on a misidentification of E. com-
pressa. (b) Svenson (72, 76) considers the Mississippi Valley plants (his 
var. verrucosa) as distinct from the plants of the Eastern Coastal Plain. 
In my opinion, this variety cannot be separated satisfactorily from the 
typical form t>f the species. 
6. Eleocharis coloradoensis (Britt.) Gilly, Amer. Midl. Nat. 26: 66. 1941. 
"E. pygmaea," in part, of some authors; not of Torr. 1836 (R). 
"Scirpus nanus," in part, of some authors; not of Spreng. 1813 (B, 
BB2, G). 
Scirpus coloradoensis Britt. Torreya 4: 93. 1904. 
E. leptos (Steud.) Sv. Rhodora 31: 176, in part. 1929; not E. lepta C. B. 
Clarke 1900. 
E. parvula var. anacha€;ta (Torr.) Sv. Rhodora 36: 386, in part. 1934. 
Dwarf spike-rush-sandy shores or boggy soil, frequently in alkaline 
areas-northwestern I.owa and South Dakota to Idaho and southern 
Nevada, south to Colorado, New Mexico, and southern California. 
IOWA DISTRIBUTION: map 6-g. SPECIMENS EXAMINED: Clay County, 
Round Lake, August 30, 1936, Hayden 690 (ISC, NY). Palo Alto County, 
Freedom Township, Medium Lake, August 18, 1940, Hayden 8291 (ISC). 
UNCONFIRMED COUNTY REPORT: Woodbury (71). 
7. Eleocharis atropurpurea (Retz.) Kunth, Enum. Pl. 2: 151. 1837. 
Purple spike-rush-usually in wet sandy soil-along coastal plain 
from Georgia to Florida, Texas, and the east coast of Mexico, northward 
in the Mississippi Valley to Illinois, Iowa, and Nebraska; reported from 
Colorado; in Italy, Switzerland, and the tropics of both hemispheres. 
IOWA DISTRIBUTION: map 6-g. SPECIMENS EXAMINED: Jefferson County, 
Center Township, September 3, 1933, McDonald 1206 (P). Muscatine 
County, 1895, Reppert (NY) . 
8. Eleocharis macrostachya Britt. in Small, Fl. S. E. U. S. 184, 1327. 1903. 
"E. palustris" of most Iowa authors; not of R. & S. 1817. 
"E. palustris var. vigens" of some authors; not of L. H. Bailey 1889. 
"E. mamillata" of some American authors; not of Lindb. f. 1902. 
"E. smallii" of some authors; not of Britt. 1903. 
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Pale spike-rush-wet soil, swamps, marshes, and along ponds and 
lakes-Illinois and Iowa to North Dakota, Alberta, and British Columbia, 
rnuth to Missouri, Oklahoma, Texas, central Mexico, and California; re-
ported from South America. 
IOWP.. DISTRIBUTION: map 6-h. UNCONFIRMED COUNTY REPORTS: Boone 
(115) , Cerro Gordo (141, 142), Decatur (107, 119), Dubuque (145), 
Fayette (126), Hamilton (107, 137, 141, 142) , Hardin (148) , Lyon (152, 
153), Mahaska (96), Muscatine (99), Scott (99, 107), Shelby (107, 119), 
Winneshiek (118, 142, 155), and Worth (141, 142). NOTES: (a) Some of 
these unconfirmed reports, particularly the earlier ones as "E. palustris," 
may refer to E. calva. (b) I am unable to separate middle western 
plants with more acute scales and firmer culms, identified as 
E. smallii by several workers, from the typical form of this species be-
cause of a complex series of intergradations. Additional study in the field 
is needed to determine whether such firm-culmed material represents a 
variety or is merely an ecotype of E. macrostachya. (c) E. smallii, the 
type specimen of which is badly infested with smut, apparently is con-
fined to the Atlantic Coast Region and perhaps is not really separable 
from other species of the "palustris-complex." Fernald and Brackett (35) 
and Svenson (76) have discussed this complex in considerable detail. 
9-. Eleocharis calva Torr. Fl. N. Y. 2: 346. 1843. 
"E. palustris var. glaucescens" of many American authors; not of A. 
Gray 1867. . 
" E. glaucescens" of some American authors; not of Schultes 1824. 
E. palustris var. calva (Torr.) A. Gray, Man. 522. 1848. 
Spathiform spike-rush-in ditches, swamps, low wet spots on the 
prairies, and along muddy stream banks, pond, and lake shores-Nova 
Scotia to James Bay, Manitoba and Colorado, south to Virginia, Tennes-
see, northern Arkansas, and New Mexico. 
IOWA DISTRIBUTION: map 6-i. NOTES: (a) See the first note under E. 
m acrostachya. (b) According to Fernald and Brackett (35) and Svenson 
(76), Scirpus glaucescens Willd., on which both E. palustris var. glau-
cescens and E. glaucescens are based, is conspecific with the tru·e E. 
palustris of Europe and northeastern North America. 
10. Eleocharis obtusa (Willd.) Schultes, Mant. 2: 89. 1824. 
Scirpus obtusus Willd. Enum. Pl. Hort. Berol. 1: 76. 1809. 
" E. ovata" of many American authors; not of R. & S. 1817 (BB). 
E. ovata var. obtusa (Willd.) Kuk. in Skottsb. Goteb. Bot. Tradg. 
2: 212. 1926. 
Blunt spike-rush-commonly found in wet muddy places, sometimes 
in sandy soil-Nova Scotia and Quebec to Ontario, Minnesota, Nebraska, 
and Colorado, south to Georgia, western Florida, Louisiana, Texas, and 
New Mexico; also on the west coast from British Columbia to northern 
California and inland to eastern Washington; also in the Hawaiian Islands. 
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IOWA DISTRIBUTION: map 6-j. UNCONFIRMED COUNTY REPORTS: Dickinson 
(127, 145, 157), Emmet (145), Madison (170), Mahaska (96), Plymouth 
(93), Scott (99), and Story (170). NOTES: The true E. ovata R. & S., in 
which the tubercle is considerably narrower than the body of the achene, 
is found in Europe and locally through northern North America (south to 
New England, Michigan, Minnesota, and in British Columbia) and is 
closely related to this species. Future study may even disclose that they 
are not adequately distinct. Extreme forms of E. obtusa, with a flattened 
and lower tubercle and usually longer spikelets, are apparently distinct 
if one only casually examines them. They are generally recognized as 
E. engelmanni. Many specimens throughout the range of the species, 
however, are intermediate between the twe extremes in relative height of 
tubercle and achene, in length of perianth bristles, and in shape of achene. 
I have found achenes referable to E. obtusa and others referable to 
E. engelmanni in the same spikelet on several specimens. In view of this 
intergradation throughout the range of the species, I am unwilling 
to give them both specific rank; I am, therefore, including the 
engelmanni phase in this paper as a variety. Another variant of the 
species, almost wholly confined to southern Arkansas and adjacent Texas, 
is the form with longer spikelets and narrower, more acute scales usually 
called E. lanceolata.18 Forms without perianth bristles are not infrequent 
through the range of the species, and unusually robust forms with larger 
achenes and tubercles are not uncommon. Intermediate specimens have 
been referred to the species rather than to the following variety. 
10a. Eleocharis obtusa (Willd.) Schultes, var. engelmanni (Steud.) Gilly, 
comb. nov. 
E. engelmanni Steud. Syn. Pl. Cyp. 79. 1855. 
E. ovata var. engelmanni (Steud.) Britt. Jour. N. Y. Mier. Soc. 5: 103. 
1889. 
Engelmann's spike-rush-habitat essentially the same as that of the 
species-Maine, southern New York, southern Michigan to Iowa, South 
Dakota, North Dakota, Saskatchewan, and Washington, south to Virginia, 
Tennessee, Alabama, Arkansas, central Texas, New Mexico, Arizona, and 
California. 
IOWA DISTRIBUTION: map 6-k. 
SPECIES OF ELEOCHARIS DOUBTFULLY OR ERRONEOUSLY REPORTED FOR !OW A 
Eleocharis elliptica Kunth-The report of this species for Emmet 
County (128) is based on a specimen which is a mixture of E. calva Torr. 
and E. compressa Sull. 
Eleocharis intermedia (Muhl.) Schultes-This species has been re-
ported from the following counties: Dickinson (124, 128), Floyd (74, 
18 The following transfer seems necessary: Eleocharis obtusa (Willd.) Schultes, var. 
lanceolata (Fern.) Gilly, comb. et stat. nov., based on Eleocharis lanceolata Fern. 
Proc. Amer. Acad. 34:493. 1899. 
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107), Hardin (148), Story (74, 107, 128), and Winneshiek (124). The 
Dickinson County and Floyd County reports are based on misidentifica-
tions of specimens of E. calva Torr., and the Story County reports are 
based on specimens of E. macrostachya Britt. I have not seen 
specimens to substantiate the other reports, but suspect that they, too, 
are based upon misidentifications. This species also is listed for Iowa in 
"Gray's" Manual (66), Rydberg's Flora (67), Brittan's Manual (13, 14), 
and the Illustrated Flora (15, 16), but I have been unable to find 
specimens to substantiate such listing. The known range of this species 
includes Minnesota, Wisconsin, and Illinois, and it is possible that it event-
ually will be found in northeastern Iowa. 
Eleocharis olivacea Torr.-A report of this species from Jefferson 
County (123) is based on a misidentification of a specimen of E. atropur-
purea (Retz.} Kunth. 
9. RHYNCHOSPORA Vahl, Enum. 2:229. 1896.'0 
This genus, in which about 200 species are accepted as distinct, has 
its center of distribution in the sub-tropics from whence it has spread 
into both the tropics and the temperate zones. Only one species is 
definitely known from Iowa. 
1. Rhynchospora capillacea Torr. Comp. 41. 1826. 
Beaked-rush-a species of hanging bogs, prairie sloughs, and wet 
swamps-Maine to Ontario and Minnesota, south to New Jersey, Pennsyl-
vania, Michigan, and northern Iowa. 
IOWA DISTRIBUTION: map 6-1. NOTE: Gale (38) has recently discussed 
this and related species. 
10. SCLERIA Bergius, Ki:ingl. Acad. Sv. Handl. 26:142. 1765. 
About 200 species are recognized, most of them being in the tropics. 
Only the following two species have been found in Iowa; these may be 
readily distinguished from all other Iowa Cyperaceae by their con-
spicuous, hard, white, shining achenes, each surrounded by several scales. 
KEY TO THE IOWA SPECIES 
A. Coarse, triangular-stemmed plants, 4 dm.-9 dm. tall; leaves 3 mm.-5 mm. wide; 
inflorescence usually a terminal cluster; achene 2 mm. long, smooth-surfaced; 
basal disk (hypogynium) granular-roughened ................ 1. S. triglomerata 
AA. Slender, filiform-stemmed plants, 1 dm-5 dm. tall; leaves less than 1 mm. wide; 
inflorescence of 4-6 separate few-flowered clusters; achene 1 mm. long, rough-
ened with reticulated ridges; basal disk lacking .............. 2. S. verticillata 
1. Scleria triglomerata Michx. Fl. Bor.-Amer. 2: 168. 1803. 
Tall nut-rush-in wet prairies, along stream banks, frequently in 
sandy soil-Massachusetts to Ontario, Wisconsin, and Iowa, south to 
Florida and Texas. 
'
0 Although this generic name is sometimes written "Rynchospora," the spelling as 
used in this paper has been placed on the conserved list of genera and should, there-
fore, be used. 
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IOWA DISTRIBUTION: map 7-a. UNCONFIRMED COUNTY REPORTS : Cedar 
(163) , Floyd (107), Johnson (19, 107, 163, 164) , Monroe (107), and 
Muscatine (99, 107, 163). 
2. Scleria verticillata Muhl. ex Willd. Sp. Pl. 4: 317. 1805. 
Low nut-rush-bogs, hanging bogs, sloughs, wet meadows, occa-
sionally in sandy soil on the prairies-Connecticut to Ontario and Minne-
sota, south to Florida, Louisiana, and Texas; also in the West Indies and 
northern South America. 
IOWA DISTRIBUTION: map 7-a. SPECIMENS EXAMINED: Emmet County, 
Emmet Township, August 27, 1929, Wolden 1407 (ISC, W), July 14, 1931, 
Wolden 1497 (G, ISC) , August 4, 1934, Hayden 220 (ISC); Estherville, 
September 11, 1934, Fults 2919 (ISC). 
11. CAREX L. Sp. Pl. 972. 1753. 
This is the largest genus in the family and the center of its distribu-
tion is in the north temperate zone. Between 800 and 1,000 species are 
recognized. A few more than 500 of these are reported for North America 
(53) . Only 87 species, 7 of which are represented by more than one 
variety, have been found in Iowa. 
For convenience, and to simplify the identification of Iowa Carex 
specimens, it has seemed advisable to break the genus into artificial 
GROUPS. Separate keys and discussion for the species in each group 
follow the Key to the Groups. 
KEY TO THE GROUPS OF IOWA CAREX 
A . Spikes all, or some of them, gynecandrous (with pistillate flowers at apex and 
staminate flowers at base). 
B. Beaks o fperigynia prominently bidentate at apices (Fig. 3-Q) . 
C. Stigmas 2; achenes lenticular or flattened; perigynia flattened, closely sur-
rounding each achene, conspicuously 2-edged and wing-margined (Fig. 3-R; 
the wing-margin scarcely noticeable in species No. 1, 
C. dew eyana .. ....... . ........ .. . . .. .. .. .. ... . . . ... . . GROUP A (page 96) 
CC. Stigmas 3; achenes triangular or sub-terete in cross-section; perigynia more 
or less triangular-inflated or somewhat flattened (Fig. 3-T), never, however, 
wing-margined .. . . .. . . . ... .. .. ..... . . .... . ... . ... . . . GROUP B (page 101) 
BB. Beaks of perigynia entire or somewhat obliquely cut at apices (in the latter 
ca"e, the beaks sometimes minutely l::identulate at maturity-
Fig. 3-S) ...... .. .................... .. ..... . .......... GROUP C (page 102) · 
AA. Spikes all unisexual (either staminate or pistillate) er some of them androgy-
nous (with staminate flowers at apex and pistillate flowers at base). 
B. Beaks of the perigynia entire or somewhat obliquely cut at apices (in the latter 
case, the beaks sometimes minutely bidentulate at maturity-Fig. 3-S). 
C. Stigmas 3; achenes triangular or subterete; perigynia triangular or rounded in 
cross- section (Fig. 3-T) . . . . .... . .. . .. ... .. . .. . .. ... . GROUP D (page 104) 
CC. Stigmas 2; achenes lenticular or flattened ; perigynia flattened, 2-edged or 
more or less wing-margined (at least above the middle-
Fig. 3-Q, R) ....... .. ................. .. ............. GROUPE (page 111) 
BB. Beaks of the perigynia prominently bidentate at apices (Fig. 3-Q) . 
C. Stigmas 2; achenes lenticular or flattened; perigynia flattened and 2-edged (at 
least above the middle), the lower portion of the body sometimes spongy-
inflated or enlarged ....... . ... . . . . . ... ... . ... .... . .. . GROUP F (page 116) 
CC. Stigmas 3; achenes triangular or subterete in cross-section; perigynia ob-
tusely triangular or terete in cross-section (somewhat flattened in species 
No. 69, C. sprengelii), either closely surrounding the achene or loose and 
inflated, but not spongy-based .... . ... .. ............ .. GROUP G (page 122) 
FIG. 7. Distribution Maps of Iowa Cyperaceae. 
FIGURE 7. Distribution Maps of Iowa Cyperaceae. 
a-ScLeria verticillata ( •) and Scleria triglomerata ( •) . 
b---Carex deweyana ( •) and Carex squarrosa ( •) . 
c-Carex interior. 










n-Carex f estucacea. 
o-Carex molesta. 
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KEY TO IOWA CAREX--GROUP A20 
A. Perigynia conspicuously spongy-thickened at the base, the wing-margin scarcely 
(if at all) noticeable; pistillate scales tipped with a scabrid awn half the length of 
the scales . . . .... . . . . ...... .. .. . .. . ....... . . . . . .. .. ... . .. 1. C. deweyana 
AA. Perigynia not spongy-thickened at the base, the wing-margin evident (although 
narrow in a few species) ; pistillate scales obtuse or acute at apices, never 
scabrid-awned. 
B. Spikes loosely few-flowered, the perigynia radiating in all directions; pistillate 
scales suborbicular or obovate, broadest at or above the 
middle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. C. in terior 
BB. Spikes compactly few- to numerous-flowered, the perigynia ascending or some-
what spreading, but not widely radiating; pistillate scales lanceolate, oblong, or 
ovate, generally broadest below the middle. 
C. Culms arising solitary or few together from long creeping rhizomes; some of 
the spikes sometimes entirely staminate or nearly so ... :l. C. foenea 
CC. Culms loosely to densely cespitose, rhizomes (if present) very short; spikes 
all gynecandrous or pistillate, none completely staminate. 
D. Inflorescence bracts (at least several of the lowermost) leaf-like; conspicu-
ous, considerably longer than the inflorescence; inflorescence a capitate 
head of numerous close-crowded spikes, the individual spikes scarcely 
distinguishable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4. C. sychnocephala 
DD. Inflorescence bracts scale-like, or some of the lowermost setaceous, never 
leaf-like nor conspicuously exceeding the inflorescence; inflorescence a 
more or less capitate duster of spikes (but the individual spikes distin-
guishable) or the spikes more or less separated and distant. 
E. Ventral side of leaf-sheaths (Fig. 3-0) green, strongly nerved and similar 
in texture to the dorsal side, with more or less of a V- or Y-shaped hya-
line area at the mouth, or with a narrow hyaline area down the center of 
the otherwise green ventral side. 
F . P erigynia nerved on the ventral surface (Fig. 3-P). 
G. Perigynia lanceolate, one-third or less than one-third as wide as long. 
H. Marginal wings of the perigynia broad above, somewhat constricted 
or narrowed at about the middle of the perigynium body, the nar-
rowed margin continuing to the base. 
I. Spikes 1.5 cm.-2.5 cm. long; perigynia 7 mm.-10 mm. 
long . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. C. muskingumensis 
II. Spikes less than 1.5 cm. long; perigynia less than 7 mm. long. 
J. Leaf-sheaths completely green dorsally (Fig. 3-0) ; culms stiff; 
leaf blades firm; spikes aggregated into a compact head. 
K . Perigynia thin and scale-like except where distended over 
achene, their tips appressed or ascending; spikes ovoid-
oblong or sub- globose, 6 mm.-12 mm. long, 4 mm.-8 mm. in 
diameter . . . . . . . . . . . . . . . . . . . . . . . . . . 6. C. tribuloides 
KK. Perigynia thickened piano-convex, their tips widely spread-
ing or recurved; spikes almost globose, 4 mm.-8 mm. in 
length and diameter . . . . . . . . . . . . . . . 7. C. cristatella 
JJ. Leaf-sheaths green and white mottled or white hyaline between 
the green nerves on the dorsal side (Fig. 3-0) ; culms more or 
less flexible and lax; leaves flaccid; spikes more or less sepa-
rated in a lax· moniliform inflorescence. 8. C. projecta 
'
0 Species 4 to 17, inclusive, are placed by Mackenzie (53, 54) in the Section Ovales, 
a section comprising one of the most difficult species-groups of the genus Carex. 
I believe that Mackenzie, and most other modern workers as well, have recog-
nized entirely too many species in this section of the genus. Because of variation 
among individuals of single colonies, the value of certain characters-(a) more or less 
green vs. hyaline ventral surface of leaf sheath; (b) green and white mottled vs. en-
tirely green dorsal surface of leaf sheath; and (c) nerveless vs. more or less nerved 
dorsal and ventral surfaces of the perigynia-for the identification of and the recogni-
tion of species well may be questioned. The variability in degree of aggregation of 
spikes in the inflorescence presents equal problems in delimiting species. Herbarium 
study alone will not solve these problems. Several years of intensive field study and 
collecting, combined with herbarium and transplant studies, will be necessary to 
accurately determine (if this is at all · possible) the extent of variability within a 
species in this section of the genus. It is almost certain that eventual re-evaluation of 
the Section Ovales will result in an entirely different treatment of the group. 
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HH. Marginal wings of the perigynia narrow for their entire 
length ... .. . .. .... ...... ..... ..... ....... 10. C. scoparia 
GG. Perigynia suborbicular or orbicular, at least one-half as wide as long. 
H. Perigynia 3 mm.-4 mm. long, 1.5 mm.-2 mm. broad; spikes loosely 
aggregated or the inflorescence moniliform 13. C. norrnalis 
HH. Perigynia 5.5 mm.-6.5 mm. long, 2.75 mm.-4 mm. broad; spikes 
closely aggregated ... ..... . ..... .... ..... 17. C. bicknellii 
FF. Perigynia nerveless on the ventral surface (Fig. 3-P). 
G. Wing-margin broad to the base; perigynia 4 mm.-5 mm. long, 2.25 
mm.-2.75 mm. broad .... .... ........... . ..... 9. C. suberecta 
GG. Wing-margin narrow for entire length; perigynia 3 mm.-3.5 mm. 
long, 1.5 mm.-2 mm. broad . . . .... ... ... .... 11. C. bebbii 
EE. Ventral surface of leaf-sheaths (Fig. 3-0), or at least the greater portion 
of their width, hyaline. 
F. Perigynia subulate to narrowly ovate-lanceolate, three to four times as 
long as broad; marginal wings of perigynia narrow for their entire 
length .............. . .. ...... .... .. ... ... ..... 10. C. scoparia 
FF. Perigynia ovate-lanceolate, ovate or orbicular, never more than twice 
as long as broad; marginal wings of the perigynia broad for their entire 
length (except in species No. 8, C. projecta, where the wing is narrowed 
about the middle of the perigynium body). 
G. Perigynia ovate-lanceolate or narrowly ovate, 3 mm.-4 mm. (or, 
rarely, 5 mm.) long 
H . Dorsal surface of leaf-sheaths completely green. 
I. Spikes aggregated into a compact head; perigynia brown or 
brownish at maturity, the ventral surface 
nerveless .... . ......... . ........... .. .... 11. C. bebbii 
II. Spikes loosely arranged in a moniliform inflorescence; perigynia 
straw-colored at maturity, the ventral surface nerved (at least 
at base) .. ......... . .... ....... . ......... 12. C. tenera 
HH. Dorsal surface of leaf-sheaths green and white mottled or white 
hyaline between the green nerves. 
I. Perigynia 3 mm.-4 mm. long, 1.5 mm.-2 mm. broad; inflorescence 
moniliform or the spikes loosely 
aggregated ... . .. . . ......... . ..... .... .. . 13. C. normalis 
II. Perigynia 3.25 mm.-5 mm. long, 1.5 mm. (or less) broad; inflor-
escence always moniliform . . .... . ....... . 8. C. projecta 
GG. Perigynia suborbicular or orbicular, 3.5 mm.-6.5 mm. long. 
H. Spikes more or less separated in a lax, moniliform inflorescence; 
perigynia 3.5 mm. long, beaks about as long as the bodies; achenes 
1.5 mm. long, oblong-ovoid or oblong ...... 14. C. festucacea 
HH. Spikes closely aggregated; perigynia 3.75 mm.-6.5 mm. long; beaks 
half (or less than half) as long as the bodies; achenes 1.75 mm.-
2 mm. long, suborbicular or orbicular. 
I. Perigynia 3.75 mm.- 5 mm. long, firm-textured, thickened plano-
convex in cross-section. 
J. Ventral surface of perigynia nerved; perigynia tapering into 
beaks; dorsal surface of leaf-sheaths green and white mottled 
or white-hyaline between the green 
nerves . ......... .. ..... .. ............. 15. C. molesta 
JJ. Ventral surface of perlgynia nerveless; perigynia abruptly con-
tracted into beaks; dorsal surface of leaf-sheaths entirely 
green . .. ...... . ................. ..... 16. C. brevior 
II. Perigynia 5.5 mm.-6.5 mm. long, membranous, thin except where 
distended over achene . ................. . 17. C. bicknellii 
1. Carex deweyana Schw. Ann. Lye. N. Y. 1: 65. 1824. 
Dewey's sedge-woodlands-Labrador and Newfoundland to Mac-
kenzie, south to Pennsylvania, Michigan, Iowa, Colorado, and British 
Columbia. 
IOWA DISTRIBUTION: map 7-b. SPECIMENS EXAMINED: Dickinson County, 
Spirit Lake, June 21, 1881, Arthur 961b (ISC). Emmet County, Ft. De-
fiance State Park, June 24, 1931, Wolden 1491 (W). Webster County, 
Fort Dodge, July 8, 1905, Oleson (ISC), June 14, 1906, Cratty (ISC). 
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2. Carex interior L. H. Bailey, Bul. Torrey Club 20: 426. 1893. 
"C. stellulata" of some Iowa authors; not of Gooden. 1794. 
C. scirpoides Schkuhr ex Muhl. Descr. Gram. 225. 1817; not C. 
scfrpoidea Michx. 1803 (G). 
C. stellulata var. scirpoides Carey in A. Gray, Man. 544. 1848. 
Inland sedge-wet meadows,.boggy spots, hanging bogs, and low wet 
prairies-Labrador to Newfoundland and British Columbia south to New 
Jersey, Pennsylvania, Indiana, Kansas, and California; also in northern 
Mexico. 
IOWA DISTRIBUTION: map 7-c. UNCONFIRMED COUNTY REPORT: Scott (99, 
107). 
3. Carex foenea Willd. Enum. 957. 1809. 
C. siccata Dewey, Amer. Jour. Sci. 10: 278. 1826. 
Dry-spiked sedge-dry prairie, in rocky places, and along roadside 
banks-Labrador and Newfoundland, west to Yukon, south to Connecti-
cut, New York, Michigan, northern Iowa, Montana, and British Columbia. 
IOWA DISTRIBUTION: map 7-d. SPECIMEN EXAMINED: Clay Coun~y, Peter-
son Township, June, 1936, Hayden 652 (ISC, NY). NOTES: (a) A report 
of this species from Emmet County (94) is based upon a specimen of 
C. eleocharis. (b) Svenson (75) has recently presented evidence, based 
on examination of the Willdenow herbarium at Berlin, which indicates 
that the name C. foenea should replace C. siccata; the "C. foenea" of 
most American authors should be called C. argyrantha Tuckerm. (See also 
page 132 of this paper.) 
4. Carex sychnocephala Carey, Amer. Jour. Sci. II 4: 24. 1847. 
Long-beaked sedge-marshes, sloughs, meadows and thickets, lake 
margins, frequently in sandy soil-Ontario to Saskatchewan, south to 
New York, Michigan, Iowa, and Montana. 
IOWA DISTRIBUTION: map 7-e. 
5. Carex muskingumensis Schw. Ann. Lye. N. Y. 1: 66. 1824. 
C. arida Schw. & Torr. Ann. Lye. N. Y. 1: 312. 1825. 
Muskingum sedge-low moist woodlands and thickets on river 
floodplains-Michigan to Manitoba, south to Kentucky, Missouri, and 
southern Kansas. 
IOWA DISTRIBUTION: map 7-d. UNCONFIRMED COUNTY REPORTS: Dubuque 
(90) and Poweshiek (107) . 
6. Carex tribuloides Wahl. Sv. Vet.-Akad. Nya. Handl. 24: 145. 1803. 
C. lagopodioides Schkuhr ex Willd. Sp. Pl. 4: 230. 1805. 
Blunt broom sedge-wet meadows and low swampy woodlands-
Maine to Quebec and Minnesota, south to Florida, Louisiana, and Okla-
homa. 
IOWA DISTRIBUTION: map 7-f. UNCONFIRMED COUNTY REPORTS: Dickinson 
(157), Henry (103) , Mahaska (97), Muscatine (99) , and Winneshiek (124, 
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155) . NOTE: A report of this species from Lee County (107) was based 
on a misidentification of a specimen of C. scoparia. 
7. Carex cristatella Britt. in Britt. & Brown, Ill. Fl. 1: 357. 1896. 
C. cristata Schw. Ann. Lye. N. Y. 1: 66. 1824; not of Clairv. 1811 (G). 
C. straminea var. cristata (Schw.) Tuckerm. Enum. Carie. 18. 1843. 
C. tribuloides var. cristata (Schw.) L. H. Bailey, Proc. Amer. Acad. 
22: 148. 1886. 
Crested sedge-low ground, marshes, swamps, swales, wet prairies, 
and woodland-edge thickets-Michigan to Manitoba, south to Kentucky, 
Missouri, and eastern Kansas. 
IOWA DISTRIBUTION: map 7-g. UNCONFIRMED COUNTY REPORTS: Adams 
(120) , Decatur (87, 107, 119) , Hardin (148) , Johnson (149), Muscatine 
(99, 107, 159), Scott (99, 107) , and Winneshiek (155). NOTE: A report 
of this species from Calhoun County (150) was based on a misidentifica-
tion of a specimen of C. molesta. 
8. Carex projecta Mackenz. Bul. Torrey Club 35: 264. 1908. 
C. tribuloides var. reducta L. H. Bailey, Proc. Amer. Acad. 22: 148. 
1886 (G) . 
C. tribuloides var. moniliformis Britt. in Britt. and Brown, Ill. Fl. 
1: 356. 1896 (B, BB). 
Necklace sedge-wet ground and open moist woodlands-Newfound-
land to Manitoba, south to Virginia, Michigan, and Iowa; reported from 
British Columbia. ' 
IOWA DISTRIBUTION: map 7-h. NOTE: A report of this species from John-
son County (107) was based on a misidentification of specimens of C. 
bebbii and C. normalis; a report of this species from Story County (107) 
was based on a misidentification of a specimen of C. normalis. 
9. Carex suberecta (Olney) Britt. Man. ed. 2 1057. 1903. 
C. straminea var. ferruginea L. H. Bailey, Bul. Torrey Club 20: 421. 
1893. 
Prairie straw sedge-low ground in prairies and moist meadows, 
swales, and along pond edges-Ontario to Minnesota, south to western 
Virginia, Indiana, and Iowa. 
IOWA DISTRIBUTION: map 7-i. 
10. Carex scoparia Schkuhr ex Willd. Sp. Pl. 4: 230. 1805. 
Pointed broom sedge-low wet prairie, in open marshes, and fre-
quently along roadsides-Newfoundland to British Columbia, south to 
South Carolina, Arkansas, Nebraska, and Oregon; also reported from 
Mexico. 
IOWA DISTRIBUTION: map 7-j. UNCONFIRMED COUNTY REPORTS: Dickinson 
(157) , ~ayette (117) , Floyd (107), Hardin (148), Henry (103), Mahaska 
(96), and Muscatine (99, 159). NOTE: A report of this species from Lee 
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County (121) was based on misidentification of a specimen of, C. tribu-
loides. 
11. Carex bebbii Olney ex. Fern. Proc. Amer. Acad. 37: 478. 1902. 
C. tribuloides var. bebbii L. H. Bailey, Mem. Torrey Club. 1: 55. 1889 
(B, BB). 
Bebb's sedge-swampy meadows, prairie sloughs, and marshes-
Newfoundland to British Columbia, south to New Jersey, Indiana, Iowa, 
Colorado, and Washington. 
IOWA DISTRIBUTION: map 7-k. 
12. Carex tenera Dewey, Amer. Jour. Sci. 8: 97. 1824. 
C. straminea var. tenera (Dewey) Boott, Ill. Carex 120. 1862. 
C. straminea var. echinodes Fern. Proc. Amer. Acad. 37: 474. 1902. 
C. tenera var. echinodes (Fern.) Wiegand, Rhodora 26: 2. 1924. 
Marsh straw sedge-moist meadows, dry prairies, on banks and some-
times in open woodlands and thickets-New Brunswick to Quebec, and Al-
berta, south to North Carolina, Indiana, Missouri, and Montana. 
IOWA DISTRIBUTION: map 7-1. SPECIMENS EXAMINED: Emmet County, 
July, 1923, Wolden (ISC); Armstrong, June, 1890, Cratty (ISC); Esther-
ville Township, August 13, 1934, Hayden 196 (ISC, NY). Story County, 
Ames, 1895, Carver (ISC), June 20, 1898, Ball (ISC). Webster County, 
Fort Dodge, June 20, 1910, Oleson (ISC) . UNCONFIRMED COUNTY REPORTS: 
Dickinson (107, 108) , Fayette (126), Floyd (92) , Johnson (107, 164), 
Lee (92), Mahaska (96), and Winneshiek (155) . NOTE: A report of this 
species from Jasper County (107) was based on a misidentification of a 
specimen of C. brevior; a report from Winnebago County (107) was based 
on a misidentification of a specimen of C. bebbii. 
13. Carex normalis Mackenz. Bul. Torrey Club 37: 244. 1910. 
C. mirabilis Dewey,, Amer. Jour. Sci. 30: 63. 1836; not of Host. 1809 
(G) . 
C. straminea var. mirabilis (Dewey) Tuckerm. Enum. Carie. 18. 
1843 (B, BB). 
C. cristata var. mirabilis (Dewey) Boott ex A. Gray, Man. ed. 5 580. 
1867. 
C. mirabilis var. perlonga Fern., Proc. Amer. Acad. 37: 473. 1902. 
Larger straw sedge-dry open woodlands-Maine to Ontario and 
Manitoba, south to North Carolina, Kentucky, Missouri, and Oklahoma. 
IOWA DISTRIBUTION: map 7-m. UNCONFIRMED COUNTY REPORTS: Chicka-
saw (126), Mahaska (96), Poweshiek (107), and Warren (124). 
14. Carex festucacea Schkuhr ex. Willd. Sp. Pl. 4: 242. 1805. 
C. straminea var. festucacea (Schkuhr) Tuckerm. Enum. Carie. 18. 
1843 .. 
Fescue sedge-dry or moist prairie and in open, often moist, wood-
lands-Massachusetts to Indiana and Iowa, south to Georgia and Louisi-
ana. 
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IOWA DISTRIBUTION.: map 7-n. UNCONFIRMED COUNTY REPORTS: Allamakee 
(160), Decatur (107), Dickinson (107, 157), Floyd (107), Hamilton (107), 
Hardin (148), Lee (121), Linn (107), Louisa (102), Lucas (107), Monroe 
(107), Muscatine (102, 156, 159), Polk (107), and Poweshiek (94). NOTES: 
A report of this species from Black Hawk County (104) is based on a 
misidentification of a specimen of C. suberecta; a report from Floyd 
County (107) is based on a specimen of C. brevior; a report from Har-
rison County (107) is based on a specimen of C. molesta; a report from 
Johnson County (107) is based on misidentifi.cations of specimens of 
C. cristatella and C. molesta; and reports from Story County (94, 107) 
are based on misidentifi.cations of C. bicknellii. 
15. Carex molesta Mackenz. N. Amer. Fl. 18: 151. 1931. 
Repulsive sedge-dry and moist prairies or dry woodland-Michigan 
to Nebraska, south to Indiana, Missouri, and Kansas. 
IOWA DISTRIBUTION: map 7-o. NOTE: Only 1 specimen of this species has 
been previously reported for the state (128) although many of the speci-
mens which I have examined were reported by other workers under 
other names. 
16. Carex brevior (Dewey) Mackenz. Bul. Torrey Club 42: 605. 1915. 
C. straminea var. brevior Dewey, Amer. Jour. Sci. 11: 158. 1862 
(BB2). 
C. straminea var. typica Boott, Ill. Carex 121. 1862. 
C. festucacea var. brevior (Dewey) Fern. Proc. Amer. Acad. 37: 477. 
1902 (G). 
Few-headed straw sedge-prairies and open meadows-Maine to 
Manitoba and British Columbia, south to Virginia, Tennessee, Texas, 
New Mexico, and Washington. 
IOWA DISTRIBUTION: map 8-a. UNCONFIRMED COUNTY REPORT: Mahaska 
(96). NOTE: A report of this species from Johnson County (162) was 
based on a misidentification of a specimen of C. molesta; a report from 
Lee County (121) is based on a misidentification of C. bicknellii. 
17. Carex bicknellii Britt. and Britt. & Brown, Ill. Fl. 1: 360. 1896. 
C. straminea var. crawei Boott, Ill. Carex 121. 1896. 
C. straminea var. meadei Boott, l. c. 
Bicknell's sedge-moist or dry prairies-Massachusetts to Wisconsin 
and Saskatchewan, south to New Jersey, Indiana, Arkansas, and Okla-
homa. 
IOWA DISTRIBUTION: map 8-b. UNCONFIRMED COUNTY REPORTS: Decatur 
(87) , Dickinson (157), and Mahaska (96) . 
KEY TO IOWA CAREX--GROUP B 
A. Spikes thick-cylindrical or subglobose, 1 cm. or more in diameter, erect on stiff 
peduncles; pistillate flowers (and perigynia) per spike 100 or more, densely 
crowded together in numerous rows; perigynia abruptly contracted into slender 
beaks about as long as the perigynium bodies. · 
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B. Spikes globose or oblong-ovoid, not more than twice as long as their diameter, 
usually solitary but sometimes 2 or 3 per culm; perigynia beaks widely spread-
ing, the spikes thus appearing strongly bristled; style abruptly bent just 
above achene ........................................ 18. C. squarrosa 
BB. Spikes oblong-cylindrical, usually more than twice as long as their diameter, 
rarely solitary; perigynia beaks appressed-ascending, the spikes thus appear-
ing comparatively smooth; style straight for entire 
length .............. ... .... .. ........................ 19. C. typhina 
AA. Spikes linear, elongated, at the most only 5 mm.-6 mm. in diameter, widely 
spreading or drooping on slender peduncles; pistillate flowers (and perigynia) 
per spike 10-40, loosely arranged in few rows; perigynia gradually tapering 
into more or less oblique beaks less than one-fourth as long as the perigynium 
bodies .......................... .. . ....... forms of 20. C. davisii (in Group C) 
18. Carex squarrosa L. Sp. Pl. 973. 1753. 
Squarrose sedge-swampy or wet woodlands and floodplain swamps 
-western Connecticut and western Quebec to Wisconsin, Iowa, and 
Nebraska, south to North Carolina, Tennessee, and Arkansas. 
IOWA DISTRIBUTION: map 7-b. UNCONFIRMED COUNTY REPORTS: Clayton 
(118) and Dubuque (118). NOTE: The report of this species from Jasper 
County (107) was based on a misidentification of a specimen of C. typhina. 
19. Carex typhina Michx. Fl. Bor.-Amer. 2: 169. 1803. 
C. typhinoides Schw. Ann. Lye. N. Y . 1: 66. 1824 (B, BB, G). 
Cat-tail sedge-wet alluvial woodlands, swamps, marshes, and along 
river banks-western Massachusetts and western Quebec to Wisconsin 
and Iowa, south to South Carolina, Kentucky, and Louisiana. 
IOWA DISTRIBUTION: map 8-c. UNCONFIRMED COUNTY REPORTS: Clinton 
(107), Henry (103), and Muscatine (99, 107). 
KEY TO IOWA CAREX--GROUP C 
A. Pistillate scales shorter than or scarcely exceeding perigynia, obtuse, or merely 
acute, or the midribs prolonged into short glaborous mucros; stigmas 3. 
B. Perigynia obtusely triangular or nearly round in cross-section, conspicuously 
several- to many-nerved or ribbed; spikes sessile or peduncled. 
C. Spikes linear, elongated, rather loosely-flowered and lax, at least the lower 
ones drooping on slender peduncles. 
D. Leaf blades and sheaths conspicuously pubescent; perigynia 4 mm.-5 mm. 
long, 2 mm.-2.5 mm. in diameter, short-beaked, the beak obliquely cut or 
bidentulate .................................. . ... . 20. C. davisii 
DD. Leaf blades glabrous, the sheaths essentially so; perigynia 2.5 mm.-3.5 mm. 
long, 1.5 mm. in diameter, beakless ................ . 21. C. gracillima 
CC. Spikes oblong-cylindrical, stiff, closely numerous-flowered, sessile or erect 
on short peduncles. 
D. Sheaths and leaf blades conspicuously pubescent; pistillate scales hyaline 
with green midribs. 
E. Perigynia about 2 mm. long, more or less flattened on the side toward the 
axis of the spike; pistillate scales ovate-triangular, acute or acuminate or 
obtuse, shorter than the perigynia .......... .. .... 22. C. hirsuteUa 
EE. Perigynia 2.5 mm.-3.5 mm. long, nearly round in cross-section; pistillate 
scales triangular-lanceolate, long-acuminate, cuspidate, or awned, longer 
than the perigynia ........... . ... ..... .... ...... 23. C. bushii 
DD. Sheaths and leaf blades glabrous, the latter somewhat rough-margined; 
pistillate scales purple-brown or blackish with light-colored 
midribs ...................................... . ... 24. C. buxbaumii 
BB. Perigynia more or less flattened, narrowly 2-keeled, otherwise nerveless, 
abruptly contracted into minute but evident beaks; spikes, at least the lower, 
on long flexuous peduncles .................... .. ..... 25. C. shortiana 
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AA. Pistillate scales with midribs prolonged into scabrous awns; stigmas 3 or 2. 
B. Stigmas 3; perigynia nearly terete in cross-section, numerous-nerved; spikes 
£essile to long-peduncled, erect; awns of the pistillate scales shorter than or only 
slightly exceeding the perigynia in 
length ......................... abnormal forms of 40. C. blanda (in Group D) 
BB. Stigmas 2; perigynia flattened, 2-edged, otherwise nerveless; spikes drooping 
on flexuous peduncles; awns of the pistillate scales greatly exceeding the 
perigynia in length . ..... ................ . forms of 55. C. crinita (in Group E) 
20. Carex davisii Schw. & Torr. Ann. Lye. N. Y. 1: 326. 1825. 
Davis' sedge-alluvial woodlands, on floodplains, ai-id in wet ravines 
-Vermont to Minnesota, south to Maryland, Tennessee, Missouri, and 
Kansas, west to Oklahoma and Texas. 
IOWA DISTRIBUTION: map 8-d. UNCONFIRMED COUNTY REPORTS: Hardin 
(148), Henry (103), Jasper (107), Muscatine (99, 107), and Scott (99, 
107). 
21. Carex graciUima Schw. Ann. Lye. N. Y. 1: 66. 1824. 
Graceful sedge-low moist woodlands and thickets-Newfoundland 
to Manitoba, south to Virginia, Kentucky, and Missouri. 
IOWA DISTRIBUTION: map 8-e. SPECIMENS EXAMINED: Chickasaw County, 
Williamstown, July 11, 1926, Spiker (ISC) . Emmet County, Estherville, 
June 9, 1923, Wolden 778 (ISC, W). 
22. Carex hirsutella Mackenz. Bul. Torrey Club 50: 349. 1923. 
C. triceps var. hirsuta (Willd.) L . H. Bailey, Mem. Torrey Club 1: 35. 
1889 (G). 
Hirsute sedge-rocky woodlands, dry copses, and meadows-Maine 
to southern Ontario, Michigan, Iowa, and Oklahoma1 south to South 
Carolina, Alabama, and Texas. 
IOWA DISTRIBUTION: map 8-e. NOTE: Previously reported from Lee 
County (121) as "Carex hirsutula." 
23. Carex bushii Mackenz. Bul. Torrey Club 37: 241. 1910. 
Bush's sedge-sandy soil along streams, open woodlands, dry 
meadows, and roadsides-Massachusetts to Michigan, Illinois, Iowa, and 
Kansas, south to Virginia, Mississippi, and Texas. 
IOWA DISTRIBUTION: map 8-f. SPECIMENS EXAMINED: Davis County, Lick 
Creek Township, near Floris, June 23, 1939, Hayden 9055 (ISC). Wapello 
County, Richland Township, 5 miles north of Wapello, June 22, 1939, 
Hayden 9029 (ISC). NOTE: This seems to be the first report of this species 
for the state. 
24. Carex buxbaumii Wahl. Sv. Vet.-Akad. Nya. Handl. 24: 163. 1803. 
"C. fusca" of many authors; not of All. 1785 (B). 
C. polygama Schkuhr, Riedgr. 84. 1801; not of J. F. Gmel. 1791 (G). 
Buxbauqi's sedge; brown sedge-low ground, sloughs, marshes, 
swamps, and wet meadows-Newfoundland to Ontario, Manitoba, British 
Columbia, and Alaska, south to Georgia, Arkansas, Colorado, and Cali-
fornia. 
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IOWA DISTRIBUTION: map 8-g. UNCONFIRMED COUNTY REPORTS: Hardin 
(148) and Scott (99, 107). 
25. Carex shortiana Dewey, Amer. Jour. Sci. 30: 60. 1836. 
Short's sedge-marshes, low wet prairies, moist woodlands, and 
thickets-Pennsylvania to southern Ontario, Indiana, and Iowa, south 
to Virginia, Tennessee, Missouri, and eastern Kansas. 
IOWA DISTRIBUTION: map 8-h. 
KEY TO IOWA CAREX-GROUP D 
A. Inflorescence composed of several to numerous spikes. 
B. Staminate scales truncated and erose at apices, their margins united at the base, 
each scale surrounding the base of the next above; staminate spikes few-
flowered ... . . ... .......... ....... . ... . . ..... .. ... ... 26. C. jamesii 
BB. Staminate scales obtuse or acute at apices, their margins free to the base, the 
scales spirally imbricated and merely overlapping those above; staminate 
spikes few- to numerous-flowered. 
C. Bracts of the inflorescence consisting merely of bladeless sheaths or (at the 
most) with very short and rudimentary blades. 
D. Pistillate scales obtuse or acute, the midribs not extending to the apices of 
the sca les ; inflorescence bracts bladeless. 
E . Staminate spikes inconspicuous, 4mm.-8 mm. long, sessile or almost so, 
surpassed in length by the upper pistillate spikes; perigynia glabrous; 
pistillate scales rounded at apices, about one-half as long as the 
perigynia ... .. ..... ... . . ... . . .. ................. 27. C. eburnea 
EE. Staminate spikes conspicuous, 10 mm.-25 mm. long, long-peduncled and 
exceeding the pistillate spikes; perigynia appressed-pubescent; pistillate 
scales acute at apices, longer than the perigynia and almost completely 
covering them . ... . . ..... .. .... .... ............ . 28. C. richardsonii 
DD. Pistillate scales with midribs prolonged into conspicuous mucros; inflores-
cence bracts with short and rudimentary blades . . . . 29. C. pedunculata 
CC. Bracts of the inflorescence with conspicuous and leaf-like blades. 
D. Beaks of the perigynia obsolete, minute or very short and tubular, entire, 
never more than one-fourth as long as the bodies of the perigynia; peri-
gynia glabrous or granular-roughened, fusiform or ovoid. 
E. Pistillate scales broader than, and as long or longer than the perigynia; 
pistillate spikes drooping on slender, flexuous 
peduncles . . . ... ....... . . ... ... ... .... ..... ... .. . 30. C. limosa 
EE. Pistillate scales not broader and longer than the perigynia; pistillate spikes 
erect or somewhat spreading, but not drooping. 
F. Perigynia tapering into conspicuous but short tubular beaks; pistillate 
scales with midribs prolonged into scabrid awns as long as or longer 
than the perigynia. 
G. Sheaths of leaves and bracts glabrous; ligule prolonged beyond base 
of blade, conspicuous ........ . ... ... . ... .. .... 31. C. oligocarpa 
GG. Sheaths of leaves and bracts quite pubescent; ligule short, truncated 
and inconspicuous . .. .... ... . ... .. .......... 32. C. hitchcockiana 
FF. Perigynia beakless or very minutely beaked (if the beak appears to be 
tubular the scales are not long-awned); pistillate scales obtuse, acute 
or mucronate. 
G. Culms sharply or obtusely triangular, neither flattened nor con-
spicuously wing-margined (some specimens of species No. 34, C. 
meadii, are obscurely winged on one angle of the culm); beaks of 
perigynia erect or somewhat oblique (but not conspicuously bent or 
recurved) or obsolete. 
H. Perigynia with numerous nerves, the intervals between the nerves 
several times wider than the thickness of the nerves. 
I. Nerves of the perigynia prominently raised above the rest of the 
perigynium surface. 
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J. Staminate spikes conspicuous, long-peduncled, much exceeding 
the uppermost pistillate spike; pistillate scales about two-
thirds as long or as long as the perigynia. 
K. Perigynia glabrous, broadest at the middle, tapering equally 
to both base and apex, yellowish or green when mature. 
L. Pfstillate spikes rather loosely flowered, 3.5 mm.-5 mm. 
thick; culms slender; leaves bright green; perigynia dark 
green when mature ................ 33. C. tetanica 
LL. Pistillate spikes closely flowered, 5 mm.-7 mm. thick; 
culms stoutish; leaves gray-green; perigynia yellowish-
green when mature ................. 34. C. meadii 
KK. Perigynia minutely granular-roughened or papillose, broad-
est near the rounded base, tapering toward the apex, reddish-
brown when mature .................. 35. C. crawei 
JJ. Staminate spike inconspicuous, sessile or very short-peduncled, 
not at all or only slightly exceeding the uppermost pistillate 
spike; pistillate scales one-half as long, or less than one-half 
as long, as the perigynia ................ 36. C. granularis 
II. Nerves of the pe:rigynia impressed, lower than the remainder of 
the perigynium su~face ........ .. ..... . ... 37. C. conoidea 
HH. Perigynia with many fine nerves, the intervals l::etween the nerves 
scarcely more than twice the thickness of the nerves. 
I. Staminate spike sessile or very short-peduncled, scarcely (if at 
all) exceeding the uppermost pistillate spike; perigynia 4.5 mm.-
5.5 mm. long, 2 mm.-2.5 mm. wide, glabrous, somewhat turgid-
inflated; pistillate spikes closely 4-15 flowered, the upper two pis-
tillate spikes approximate ........ . . . ...... 38. C. amphibola 
var. tu.rgida 
II. Staminate spikes on short or long peduncles, exceeding the upper-
most pistillate spike; perigynia 2.75 mm.-3.5 mm. long, 1.5 mm. 
wide, minutely hispidulous or glabrate, closely surrounding the 
achene and not at all inflated; pistillate spikes loosely 3-8 flowered, 
usually well separated, the uppermost two not 
approximate ........... . .................. 39. C. laxicu.lmis 
GG. Culms obtusely triangular or much-flattened, conspicuously wing-
margined on two of the angles; beaks of the perigynia abruptly 
bent or recurved. 
H. Leaves of the flowering culms 3 mm.-10 mm. broad, those of the 
sterile culms scarcely (if at all) broader; pistillate scales oblong, 
the midribs prolonged into conspicuous scabrid 
awns .. . ............... ... ................ .40. C. bla11da 
HH. Leaves of the flowering culms 7 mm.-15 mm. broad, those of the 
sterile culms conspicuously lanceolate, 12 mm.-30 mm. broad; pis-
tillate scales obovate, acute or bluntish 
at apices .... . ........ . ......... . ........ . .41. C. albu.rsina 
DD. Beaks of perigynia abruptly contracted or tapering, strongly obliquely cut 
at apices, from one-third as long to longer than the bodies of the peri-
gynia; perigynia short-pubescent, at least at the base of the beak. 
E. Beaks of perigynia tapering, as long as or longer than the body of the peri-
gynia; leaf blades and sheaths glabrous ............ .42. C. assiniboinensis 
EE. Beaks of perigynia rather abruptly contracted, one-third to one-half as 
long as body of perigynium; leaf blades and sheaths 
pubescent . ...................... . .............. .43. C. hirtifolia 
AA. Inflorescence of a single terminal androgynous spike; perigynia ellipsoid, with 
numerous nerves, beakless, yellowish or brown and shining when mature; leaves 
0.5 mm.-1.25 mm. wide; culms to at least 6 dm. tall .... (C. leptalea; see page 133) 
26. Carex jamesii Schw. Ann. Lye. N. Y. 1: 67. 1824. 
James' sedge-dry or low, moist woodlands-southern .Ontario to 
Michigan and Iowa, south to Maryland, Tennessee, Missouri, and Kansas. 
IOWA DISTRIBUTION: map 8-f. UNCC?NFIRMED COUNTY REPORTS: Henry (103) 
and Johnson (149). 
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27. Carex eburnea Boott in Hook. Fl. Bor. Amer. 2: 226. 1839. 
C. setifolia Britt. in Britt. & Brown, Ill. Fl. 1: 332. 1896; not of Heer. 
1840; nor of Kuntze 1849; nor of Godr. 1854 (B, BB). 
Bristle-leaved sedge-rocky wooded slopes and ledges, sometimes 
on dry prairie-Newfoundland to Keewatin and Mackenzie, south to 
Virginia, Tennessee, Missouri, Nebraska, and British Columbia. 
IOWA DISTRIBUTION: map 8-i. UNCONFIRMED COUNTY REPORTS: Dickinson 
(157) and Hardin (148). 
28. Carex richardsonii R. Br. in Richards. in Frankl. Journey 751. 1823. 
Richardson's sedge-dry open rocky places-western Ontario to 
Saskatchewan and Alberta, south to Indiana, Iowa, and South Dakota. 
IOWA DISTRIBUTION: map 8-j. SPECIMENS EXAMINED: Iowa, without exact 
locality, 1876, Jones (G). Poweshiek County, Grinnell, June, 1879, Jones 
(ISC). UNCONFIRMED COUNTY REPORT: Plymouth (93). 
29. Carex pedunculata Muhl. ex Willd. Sp. Pl. 4: 222. 1805. 
Long-stalked sedge-dry woodlands, hillsides, and bluffs-New-
foundland to Ontario and Minnesota, south to Virginia, Pennsylvania, 
Michigan, Iowa, and South Dakota; also reported from British Columbia. 
IOWA DISTRIBUTION: map 8-k. 
30. Carex limosa L. Sp. Pl. 977. 1753. 
Shore sedge; mud sedge-sphagnum bogs, hanging bogs, springy or 
muddy places along ponds or lakes-Newfoundland and Labrador to 
Yukon, south to Delaware, Ohio, Iowa, Montana, and northern California; 
also widely distributed in northern Eurasia. 
IOWA DISTRIBUTION: map 8-j. SPECIMENS EXAMINED: Emmet County, 
1878, Cratty (ISC), 1879, Cratty (!SC); Armstrong, June, 1883, Cratty 
(GRC, NY), June, 1884, Cratty (!SC), June, 1892, Cratty (SUI). 
31. Carex oligocarpa Schkuhr ex Willd. Sp. Pl. 4: 279.- 1805. 
Few-fruited sedge-moist woodlands, frequently in dense shade-
Massachusetts and Vermont to Ontario, Ohio, and Iowa, south to North 
Carolina, Alabama, and Texas. 
IOWA DISTRIBUTION: map 8-1. UNCONhRMED COUNTY REPORTS: Henry 
(103), Jasper (107), Johnson (149), Lee (92), and Muscatine (99). 
32. Carex hitchcockiana Dewey, Amer. Jour. Sci. 10: 274. 1826. 
Hitchcock's sedge-moist wooded slopes and floodplains-Massa-
chusetts and Vermont to Ontario, Wisconsin, and Iowa, south to Virginia, 
Kentucky, and Missouri. 
IOWA DISTRIBUTION: map 8-m. UNCONFIRMED COUNTY REPORT: Emmet 
(107). NOTES: (a) A report of this species from. Johnson County (107) is 
based on a misidentification of a specimen of C. hirtifolia; a report from 
Lee County (107) is based on a misidentification of a specimen of C. 
granularis. (b) This species perhaps should not be maintained as distinct 
from C. oligocarpa; the distributional range of the two species are very 





e-Carex hirsutella ( • ) and Carex gracillima (A). 
£-Carex bushii ( A) and Carex jamesii ( • ) . 
g--Carex buxbaumii. 
h--Carex shortiana ( • ) and Carex tetanica (A). 
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much the same and both have essentially the same habitat preference. 
Additional field study will be required to settle this point. 
33. Carex tetanica Schkuhr, Riedgr. Nachtr. 68. 1806. 
C. meadii var. bebbii Arthur, Proc. Davenport Acad. 4: 70. 1884. 
Wood's sedge-wet prairie swales, sloughs, pond-edges, meadows, and 
low damp woodlands-Massachusetts to Ontario, Minnesota, and Alberta, 
south to New Jersey, Ohio, Iowa, and South Dakota. 
IOWA DISTRIBUTION: map 8-g. NOTE: In the synonymy for this species, 
Mackenzie (53; page 238) includes the following citation: " C. panicea 
Bebbii Olney, Carie. Bor.-Am. 2 (name only); Arthur, Proc. Daven-
port Acad. 4: 70. 1884." The combination, however, made by Arthur is 
not as cited by Mackenzie but as given in synonymy just above. 
34. Carex meadii Dewey, Amer. Jour. Sci. 43: 90. 1842. 
"C. tetanica" of many Iowa authors; not of Schkuhr 1806. 
C. tetanica var. meadii (Dewey) L. H. Bailey, Proc. Amer. Acad. 
22:118. 1886 (G). 
Mead's sedge-low or upland prairies and meadows-western New 
Jersey to Michigan, Minnesota, and Manitoba, south to Georgia, Tennessee , 
Arkansas, and Texas. 
IOWA DISTRIBUTION: map 8-n. UNCONFIRMED COUNTY REPORTS: Boone 
(115) , Hancock (107), Hardin (148), Lucas (107) , and Scott (99, 107). 
35. Carex crawei Dewey, Amer. Jour. Sci. II 2: 246. 1846. 
Crawe's sedge-dry prairies and meadows-Maine to Quebec, Mani-
toba, and Washington, south to northwestern New Jersey, New York, 
Ohio, Tennessee, Missouri, Wyoming, and Montana; also reported from 
southern Alabama. 
IOWA DISTRIBUTION: map 8-o. SPECIMENS EXAMINED: Emmet County, 
without date, Cratty (G), Paige (ISC); Armstrong, June 15, 1884, Cratty 
(GRC, ISC, NY, SUI, W), June 1885, Cratty (ISC) , June 9, 1904, Cratty 
(ISC). Johnson County, Iowa ·city, without date, Hitchcock (ISC). 
UNCONFIRMED COUNTY REPORT: Boone (115). NOTE: Reports of this 
species from Shelby County (107, 119) are based on misidentifications of 
a specimen of C. meadii. 
36. Carex granularis Muhl. ex Willd. Sp. Pl. 4: 279: 1805. 
C. haleana Olney, Carie. Bor.-Amer. 6. 1871. 
C. granularis var. haleana Porter, Proc. Acad. Philad. 1887: 74. 1887. 
C. shriveri Britt. Man. 208. 1901. 
Meadow sedge-moist shaded woodlands, wet meadows, and wet 
cliffs-Maine to Quebec and Saskatchewan, south to Florida, Mississippi, 
Arkansas, and Kansas. 
IOWA DISTRIBUTION: map 9-a. SPECIMENS EXAMINED: Clinton County, 
June 10, 1878, Butler 66 (ISC) . Johnson County, June 1884, Shimek 
(ISC, SUI). Lee County, July 16, 1931, Fults 1432 (ISC) ; Keokuk, July 
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5, 1895, Shimek (SUI). Webster County, Fort Dodge, June 17, 1906, 
Oleson (ISC). UNCONFIRMED COUNTY REPORT: Henry (103). 
37. Carex conoidea Schkuhr ex Willd. Sp. PL 4: 280. 1805. 
Field sedge-meadows and moist woodland-Newfoundland, south-
ern Ontario, and Minnesota, south to Delaware, Pennsylvania, Ohio, and 
Iowa; reported from the mountains of North Carolina. 
IOWA DISTRIBUTION: map 9-a. SPECIMEN EXAMINED: Fayette County, June 
7, 1898, Gardiner (ISC). UNCONFIRMED COUNTY REPORTS: Floyd (107J and 
Scott (99, 107). 
38. Carex amphibola Steud., var. turgida Fern. Rhodora 44: 311. 1942. 
"C. grisea" of many American authors; probably not of Wahl. 1803 
(B, BB, BB2, G, R). 
"C. amphibola" of some American authors; not of Steud. 1855. 
"C. grisea var. angustifolia" of Iowa authors; not of Boott 1858. 
Turgid sedge-dry or moist slopes, woodlands, and thickets-western 
New Brunswick to southern Ontario and Minnesota, south to Georgia, 
Alabama, Louisiana, and eastern Texas. 
IOWA DISTRIBUTION: map 9-b. UNCONFIRMED COUNTY REPORTS: Allamakee 
(126), Boone (115), Chickasaw (126), Floyd (107), and Mahaska (96). 
NOTES: (a) The reports of this species for Dubuque County (126, 145) 
are based on misidentifications of a specimen of C. oligocar;pa. (b) Fern-
ald (32) has presented evidence which seems to indicate that C. grisea 
Wahl. is really referable to C. laxiculmis Schw. or some other closely re-
lated species. (c) The typical phase of the species ranges from Virginia 
to Tennessee and Arkansas, south to Florida, Louisiana, and Texas, and 
another variety (the var. rigida Fern.) has a distribution much like that 
of var. turgida, except that it does not range quite so far westward. 
39. Carex laxiculmis Schw. Ann. Lye. N. Y. 1: 70. 1824. 
C. digitalis var. copulata L. H. Bailey, Mem. Torrey Club 1: 47. 1889. 
C. laxiculmis var. copulata (L. H. Bailey) Fern. Rhodora 8: 183. 1906. 
C. copulata (L. H. Bailey) Mackenz. N. Amer. Fl. 18: 251. 1935. 
Spreading sedge-dry woodlands, thickets, and wooded ravines-
Maine to southern Ontario, Wisconsin, and Iowa, south to North Carolina, 
West Virginia, Ohio, and Missouri. 
IOWA DISTRIBUTION: map 9-c. SPECIMENS EXAMINED: Black Hawk Coun-
ty, May, 1929, Burk 276 (T). Muscatine County, Wildcat Den State Park, 
June, 1897, Barnes and Miller (ISC). NOTES: (a) The report of C. 
digitalis for Johnson County (164) undoubtedly should be referred to 
this species. (b) The report of this species for Hardin County (148) was 
based on a misidentification of a specimen of C. albursina. (c) Fernald 
(32) has recently stated the belief that most of the specimens that have 
been identified as C. copulata, including the type of that species, represent 
a series of hybrids between C. laxiculmis and C. digitalis Willd. 
110 CHARLES L. GILLY 
40. Carex blanda Dewey, Amer. Jour. Sci. 10: 45. 1825. 
"C. laxiflora" of numerous Iowa authors; not of Lam. 1791. 
C. laxiflora var. striatula Carey in A. Gray, Man. ed. 2. 524, in part. 
1856. 
C. laxiflora var. blanda (Dewey) Boott, Ill. Carex 37. 1858 (B, BB, 
G). 
C. laxiflora var. varians L. H. Bailey, Mem. Torrey Club 1: 32, in part. 
1889. 
Woodland sedge-moist wooded slopes, dry and open woodlands-
N ew Hampshire and Quebec to Minnesota and North Dakota, south to 
Georgia, Alabama, Louisiana, and Texas. 
IOWA DISTRIBUTION: map 9-d. UNCONFIRMED COUNTY REPORTS: Dickinson 
(157), Floyd (107), Jasper (107), Mahaska (96), Muscatine (99, 107), 
Scott (99, 107), Shelby (119), and Winnebago (107). NOTES: (a) The 
report of C. laxiflora from Mahaska County (96) probably should be re-
ferred to this species. (b) This is an extremely variable species; some 
Iowa specimens approximate C. gracilescens Steud. (C. laxiflora var. 
gracillima (Boott) Robins. & Fern.), others are typical of C. blanda, 
and still others tend toward C. albursina; considerable field work is need-
ed to determine the extent of and exact limits of variability of the species 
in this group (the Section Laxiflorae of Mackenzie's treatment of the 
genus). 
41. Carex albursina Sheldon, Bul. Torrey Club 20: 284. 1893. 
C. laxiflora var. latifolia Boott, Ill. Carex 38. 1852 (G). 
White bear sedge-moist woodlands and gullies-Connecticut, Ver-
mont, and Quebec to Minnesota, south to Virginia, Tennessee, and 
Arkansas. 
IOWA DISTRIBUTION: map 9-e. UNCONFIRMED COUNTY REPORTS: Dickinson 
(157), Henry (103), Linn (133), and Scott (99, 107). 
42. Carex assiniboinensis W. Boott, Bot. Gaz. 9: 91. 1884. 
Assiniboia sedge-moist woodlands-northern Wisconsin to Mani-
toba, south to northern Iowa and South Dakota. 
IOWA DISTRIBUTION: map 9-c. SPECIMENS EXAMINED: Emmet County, Mud 
Lake, July 20, 1916, Wolden (G, ISC), June 13, 1922, Wolden 447 (ISC), 
June 19, 1923, Wolden 814a (W); Wallingford, 1911, Wolden (ISC). Har-
din County, Iowa Falls, without date, Peck (ISC). Winneshiek County, 
Decorah Township, June 2, 1934, Tolstead (ISC). UNCONFIRMED COUNTY 
REPORT: Boone (115). NOTE: Tolstead (166a) has just reported an in-
teresting series of observations on stoloniferous growth in this species. 
43. Carex hirtifolia Mackenz. Bul. Torrey Club 37: 244. 1910. 
C. pubescens Muhl. ex Willd. Sp. Pl. 4: 281. 1805; not of Poir. 1789; 
nor of Gilib. 1792 (B, BB, G). 
Hairy sedge-dry woodlands and thickets-New Brunswick and 
Quebec to Minnesota, south to Maryland, Kentucky, Missouri and east-
ern Kansas. 
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IOWA DISTRIBUTION: map 9-f. UNCONFIRMED COUNTY REPORTS: Decatur 
(87), Dickinson (157), Hardin (148), Henry (103), Jasper (107), Mus-
catine (99, 107), and Scott (99, 107). 
KEY TO IOWA CAREX-GROUP E 
A. Pistillate scales obtuse, acute, or mucronate at apices; spikes sessile and more or 
less aggregated on stiff peduncles. 
B. Beaks of perigynia formed by the gradual tapering of the bodies, serrulate mar-
gined, obliquely-cut (thus more or less bidentulate in age) at apices, not less 
than one-fourth the length of the perigynium bodies. 
C. Perigynia prominently nerved on both faces . .. ........ 44. C. chordorrhiza 
CC. Perigynia nerveless or obscurely nerved at base on ventral surface, more or 
less nerved or nerveless dorsally. 
D. Plants forming colonies, spreading by long-creeping rhizomes, the culms 
arising singly or in small clumps at intervals. 
E. Ventral surface of leaf-sheaths green-striate (similar, in texture and color, 
to the dorsal surface) to the base of the blade, the sheath prolonged up-
ward into a conspicuous hyaline tubular ligule ..... 45. C. sartwellii 
EE. Ventral surface of leaf-sheaths completely hyaline, truncate at base of 
blade; ligule inconspicuous. 
F. Beaks of perigynia aJ:iout one-half as long as bodies; spikes few and 
aggregated, or numerous and more or less separated; individual plants 
monoecious (bearing both staminate and pistillate flowers). 
G. Culms obtusely angled, smooth; leaves 1.5 mm. or less in width at 
base, narrower above, stiff, more or less involute; pistillate scales 
rounded or obtuse at apices, broadest above the 
middle .......... . .. . . . ....... .... ........ . .. 46. C. eleocharis 
GG. Culms sharply triangular, usually roughened on the angles above; 
leaves 1.5 mm.-3 mm. wide, firm but not stiff, flattened or somewhat 
channeled above but not involute; pistillate scales tapering to apices, 
acute or cuspidate, broadest at or near 
the base ..... .. .. .. .................... ..... .47. C. praegracilis 
FF. Beaks of perigynia as long as the bodies; spikes numerous, aggregated 
into a dense heavy head; individual plants usually dioecious (bearing 
only staminate or only pistillate flowers) or rarely 
monoecious .. .. .. ... . ...... . .. . . . ........... .. .48. C. douglasii 
DD. Plants cespitose, forming large dense clumps; roots fibrous; rhizomes, if 
present, very short. 
E. Ventral surface of leaf-sheaths white-hyaline; spikes usually closely ag-
gregated; perigynia shining . .................... . .49. C. diandra 
EE. Ventral surface of leaf-sheaths copper-colored, at least at the mouth; 
lower spikes more or less separated, the inflorescence thus interrupted; 
perigynia dull ... . ............. .. ................. 50. C. prarisa 
BB. Beaks of perigynia formed by the more or less abrupt contraction of the bodies, 
entire at apex, minute (not more than one-tenth the length of the body) or the 
perigynia beakless. 
C. Perigynia ovate or elliptical, broadest at the middle or base; pistillate scales 
ovate, acute at the apices; plants, including culm-bases, slender. 
D. Perigynia elliptical, broadest at the middle, narrowed toward both base and 
apex, brown or green when mature. 
E. Perigynia more or less flattened, not inflated at apices, greenish or dark 
green at maturity, puncticulate but not granular roughened; leaf-sheaths 
sometimes minutely pubescent dorsally ............ 51. C. stricta 
EE. Perigynia inflated at apex, brown at maturity, more or less granular 
roughened; leaf-sheaths always glabrous dorsally . 52. C. haydenii 
DD. Perigynia ovate, broadest at the base, slightly constricted at the middle, 
straw-colored at maturity .......................... 53. C. emoryi 
CC. Perigynia obovate, broadest at the apices; pistillate scales spatulate or obo-
vate, obtuse at the apices; plants usually with stout, more or less spongy (at 
least at the base) culms .... ....... ... . ... .. ..... ... . 54. C. aquatilis 
var. altior 
AA. Pistillate scales more or less retuse at apices, the midribs prolonged as ciliate-
scabrid awns which much exceed the perigynia in length; spikes lax and drooping 
on slender peduncles ..................................... 55. C. crinita 
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44. Carex chordorrhiza L. f. Suppl. 414. 1781. 
Creeping sedge-sphagnum bogs and lake shores-Newfoundland and 
Labrador to Keewatin, south to New York, Ohio, Iowa, and Saskatchewan. 
IOWA DISTRIBUTION: map 9-g. SPECIMENS EXAMINED: Emmet County, 
without date, Cratty (!SC), May 1878, Cratty (SUI), 1881, Cratty (G), 
1884, Cratty (G, ISC). 
45. Carex sartwellii Dewey, Amer. Jour. Sci. 43: 90. 1842. 
"C. disticha" of some American authors; not of Huds. 1762. 
Sartwell's sedge-marshes, meadows, moist prairies, edges of bogs, 
and lake margins, sometimes in water up to 18 inches deep-western 
New York and Ontario to Saskatchewan and British Columbia, south 
to Ohio, Missouri, Nebraska, Colorado, and Montana. 
IOWA DISTRIBUTION: map 9-h. UNCONFIRMED COUNTY REPORTS: Black 
Hawk (104), Dickinson (89, 157), Hardin (148), and Muscatine (99). 
46. Carex eleocharis L. H. Bailey, Mem. Torrey Club 1: 6. 1889. 
"C. stenophyHa" of many American authors; not of Wahl. 1839 
(B, BB, BB2, G) . 
Spike-rush sedge; involute-leaved sedge-prairies, plains, and open 
gravelly ridges; occasionally in dry open woodlands-Manitoba to Yukon, 
south to northwestern Iowa, Kansas, New Mexico, Utah, and eastern 
Oregon. 
IOWA DISTRIBUTION: map 9-i. UNCONFIRMED COUNTY REPORT: Winnebago 
(98). 
47. Carex praegracilis W. Boott, Bot. Gaz. 9: 87. 1884. 
C. camporum Mackenz. Bul. Torrey Club 27: 244. 1910 (BB2). 
Clustered field sedge-moist spots and swales in prairies and plains 
and in the foothills-Manitoba to Yukon and British Columbia, south to 
Iowa, Oklahoma, Arizona, northern Mexico, and California; also report-
ed from Michigan. 
IOWA DISTRIBUTION: map 9-j. UNCONFIRMED COUNTY REPORT: Palo Alto 
(128). 
48. Carex douglasii Boott in Hook. Fl. Bor. Amer. 2: 213. 1839. 
Douglas' sedge--dry open prairies and plains, in sandy or alkaline 
soil-Manitoba to British Columbia, south to Nebraska, Colorado, New 
Mexico, and California; also in eastern Iowa. 
IOWA DISTRIBUTION: map 9-g. SPECIMEN EXAMINED: Jasper County, 
Sugar Creek, May 27, 1904 (or 1905), Rosa Drew (GRC); all flowers on 
this specimen are pistillate. NOTE: This is the first report of this western 
species for Iowa. The nearest localities from which the species has been 
reported previously-Leeds, North Dakota, Eagle's Nest Butte, South 
Dakota, and the sand hills of central Nebraska-are between 385 and 560 
miles distant from the single Iowa locality. 
FIGURE 9. Distribution Maps of Iowa Cyperaceae. 
a-Carex granularis ( • ) and Carex conoidea ("' ). 
~arex amphibola var. turgida. 




g-Carex chordorrhiza ( • ) and Carex douglasii ("' ) . 
h-Carex sartwellii. 
i-Carex eleocharis ( • ) and Carex crinita ("'). 
j-Carex praegracilis. 
k-Carex diandra ( • ) and Carex leavenworthii ("' ). 
1-Carex prarisa. 
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49. Carex diandra Schrank, Cent. Bot. Anmerk. 57. 1781. 
C. teretiuscula Gooden. Trans. Linn. Soc. 2: 163. 1794 (BB) . 
Lesser panicled sedge-wet meadows and prairie swales-Newfound-
land and Labrador to Yukon, south to New Jersey, Indiana, Nebraska, 
Colorado, and California . 
IOWA DISTRIBUTION: map 9-k. SPECIMENS EXAMINED: Emmet County., 
June, 1878, Cratty (ISC) , 1883, Cratty (ISC); Armstrong, July 3, 1904, 
Cratty (NY) ; Emmet Township, July 15, 1925, Wolden 1102a (W) , June 
16, 1928, Wolden 1357 (W). Webster County, Fort Dodge, without date, 
Paige (ISC). UNCONFIRMED COUNTY REPORTS: Hardin (148), Poweshiek 
(93, 107) , and Story (107) . 
50. Carex prarisa Dewey in Wood, Class-Book 414. 1845. 
C. prairea Dewey in Wood, Class-Book, ed. 2. 578 (sphalm?) . 1847 
(BB2). 
C. teretiuscula var. ramosa Boott, Ill. Carex 145. 1867. 
C. teretiuscula var. prairea (Dewey) Britt. in Britt. and Brown, Ill. 
Fl. 1: 344. 1896 (B, BB). 
C. diandra var. ramosa (Boott) Fern. Rhodora 10: 48. 1908 (G) . 
Prairie sedge-wet meadows, wet prairies, bogs, and around cold 
hillside springs-Vermont and Quebec to Saskatchewan, south to New 
Jersey, Ohio, Iowa, and Nebraska. 
IOWA DISTRIBUTION: map 9-1. UNCONFIRMED COUNTY REPORT: Lyon (107). 
NOTES : (a) A report of this species from Story County (107) is based on 
a misidentification of a specimen of C. sartwellii. (b) There is no evidence 
available to show that " prairea" was intended as a correction for 
"prarisa"; as attempts at associating this species with its prairie habitat 
both are equally bad Latin. The epithet "prairea" should be considered as 
either an error or as a superfluous name (Art. 60 of the International 
Rules of Botanical Nomenclature) ; it is unfortunate that this epithet has 
been perpetuated by so many authors. 
51. Carex stricta Lam. Encyc. 3: 367. 1791. 
C. strictior Dewey in Wood, Class-Book 582. 1845. 
C. stricta var. strictior (Dewey) Carey in A. Gray, Man. 548. 1848. 
C. stricta var. angustata L. H. Bailey in A. Gray, Man. ed. 6. 600. 1890. 
Tussock sedge-swampy woodlands, wet meadows, low wet prairie, 
prairie sloughs, hanging bogs, and shallow water along lake shores-Nova 
Scotia to Quebec and Minnesota, south to North Carolina, Ohio, and Iowa; 
also reported from Texas. 
IOWA DISRTIBUTION: map 10-a. UNCONFIRMED COUNTY REPORTS: Boone 
(141) , Chickasaw (126), Decatur (87, 107), Dickinson (107), Hamilton 
(142) , Hardin (148), Henry (103) , Linn (107) , Mahaska (96) , Muscatine 
(99) , Pottawattamie (124), and Shelby (118). NOTES: (a) A report of 
this species from Poweshiek County (107) is based on a misidentification 
of a specimen of C. emoryi. (b) As in Indiana, where Hermann (44) re-
ports considerable intergradation and extreme inconstancy of characters 
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for the complex, I find the Iowa mater ial difficult to separate into 
two entities; and when the specimens from the total range of both 
"species" are taken into consideration the line of demarcation between 
them becomes even less tangible. For these reasons, I do not accept 
the "strictior" phase of the species-which in the extreme variant is a 
non-cespitose plant which forms colonies instead of tussocks and has 
pistillate scales longer than the perigynia and the ventral surface of the 
leaf sheaths finely pubescent-as constituting even a variety. 
52. Carex haydenii Dewey, Amer. Jour. Sci. II 18: 103. 1854. 
"C. aperta" of some authors; not of Boott. 1839. 
C. stricta var. decora L. H. Bailey, Bot. Gaz. 13: 85. 1888 (G). 
Hayden's sedge-swampy meadows, marshes, prairie sloughs, and 
wet roadside ditches-New Brunswick to Ontario and Minnesota, south 
to New Jersey, Pennsylvania, Indiana, Missouri, and Nebraska. 
IOWA DISTRIBUTION: map 10-b. UNCONFIRMED COUNTY REPORTS: Muscatine 
(99, 107) and Scott (99, 107) . 
53. Carex emoryi Dewey in Torr. Bot. Mex. Bound. Survey 230. 1859. 
Emory's sedge-swampy meadows, wet prairies, marshes, river 
banks, and along ponds and lakes-western New Jersey to Michigan, 
Minnesota, and Manitoba, south to Virginia, Indiana, Missouri, Oklahoma, 
Texas, and New Mexico. 
IOWA DISTRIBUTION: map 10-c. pNCONFffiMED COUNTY REPORT: Winneshiek 
(124). 
54. Carex aquatilis Wahl. , var. altior (Rydb.) Fern. Rhodora 44: 295. 1942. 
" C. aquatilis" of some American authors; not of Wahl. 1803 (B, BB, 
BB2, G, R). 
C. variabilis var. altior Rydb. Mem. N. Y. Bot. Gard. 1: 76. 1900. 
C. aquatilis var. substricta Kiik. Pflanzenr. 38[IV. 20]: 309. 1909. 
C. substricta (Kiik.) Mackenz. in Rydb. Fl. Rocky Mts. 139. 1932. 
Water sedge-sloughs, marshes, swamps, wet meadows, and prairies, 
hanging bogs, lake and pond edges, sometimes in water as much as two 
feet deep-Newfoundland to Quebec, Manitoba, Saskatchewan, and 
British Columbia, south to New Jersey, Indiana, Missouri, Nebraska, 
Colorado, and Washington. 
IOWA DISTRIBUTION: map 10-d. UNCONFffiMED COUNTY REPORT: Pottawat-
tamie (124). NOTES: (a) The reports of this species from Fayette Coun-
ty (107, 117) are based on misidentifications of specimens of C. stricta. 
(b) Fernald (32) recognizes the American material of this species as 
being varietally distinct from the typical phase of the species which is 
widely distributed through northern Eurasia, in the arctic and sub-arctic 
regions of North America, and in the higher western mountains as far 
south as New Mexico and California. 
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55. Carex crinita Lam. Encyc. 3: 393. 1791. 
Fringed sedge-wet woodland margins and thickets, in swamps, 
swales, and prairie sloughs-Nova Scotia and Quebec to Minnesota, south 
to North Carolina, Tennessee, Arkansas, Louisiana, and Texas. 
IOWA DISTRIBUTION: map 9-i. SPECIMENS EXAMINED: Jefferson County, 
Cedar Township, July 10, 1933, McDonald 807 (P), May 30, 1934, Gilly 
and McDonald 1821 (P). UNCONFIRMED COUNTY REPORT: Story (124). 
NOTE: The terminal spikes of this species are normally staminate; occa-
sionally, however, the terminal spike is either gynecandrous, or andro-
gynous, or sometime with pistillate flowers in the middle and with 
staminate flowers at both apex and base. 
KEY TO IOWA CAREX-GROUP F 
A. Perigynia scarcely (if at all) basally spongy-thickened, the achenes thus almost 
entirely filling the bodies of the perigynia. 
B. Spikes closely aggregated into a head, the individual spikes varying from globose 
to scarcely more than twke as long as thick. 
C. Perigynia truncate-cordate and distinctly broadest 
at base . . . . .. .. .. . .. . . . ... . . . . . . . . . . . . . . . .. . .. .. .... . 56. C. leav enworthii 
CC. Perigynia rounded or tapering toward the base, broadest somewhat above 
the base or at the middle. 
D . Bodies of the pistillate scales almost as long as the perigynia. 
E. Dorsal surfaces of leaf-sheaths entirely green, firm-textured; perigynia 
conspicuously nerved dorsally, nerved or nerveless 
ventrally .. .. ... . . . ... . . . ........ . .. . .. . .. .. . . ... 57. C. muhlen bergii 
EE. Dorsal surfaces of leaf-sheaths green and white mottled or white-
hyaline between the green ribs; perigynia obscurely nerved or nerveless 
dorsally, nerveless ventrally .. .. . ...... .. .. . ... . .. 58. C. gravida 
DD. Bodies of pistillate scales only half as long as perigynia. 
E. Apices of pistillate scales acute, the midribs prolonged as definite 
mucros . . . .... . ... . . . ... . . . . . . ... ...... . ... . .... .. 59. C. cephalophora 
EE. Apices of pistillate scales obtuse or acutish, the midribs not 
mucronate . ... .... . . . . .... ... . . .. . . . . . .... . . . 60. C. cephaloidea 
BB. Spikes, especially the lower, more or less widely separated, the individual 
spikes normally oblong-cylindrical, twice as long or more than twice as long 
as thick. 
C. Leaves 5 mm.-10 mm. wide; lowermost spikes sim:gle, solitary; leaf-sheaths 
(except rarely the lowermost) not cross-rugulose ventrally; pistillate scales 
acute or mucronate at apices .. ... . ... ... .. . . ... . . . 61. C. sparganioides 
CC. Leaves 5 mm. or less in width; lowermost spikes compound or clustered; 
leaf- sheaths strongly cross-rugulose ventrally; pistillate scales with midribs 
prolonged as scabrid awns. 
D. Beaks of the perigynia shorter than the bodies, the bodies 1.5 mm.-2 mm. 
wide; culms normally longer than the leaves ...... 62. C. annectens 
var. xanthocarpa 
DD. Beaks of the perigynia as long as the bodies, the bodies 1 mm.-1.5 mm. 
wide; culms normally shorter than the leaves ... . . 63. C. vulpinoidea 
AA. Perigynia more or less spongy-thickened or swollen basally, the achenes thus 
filling only the upper portion of the perigynia. 
B. Spikes few-flowered, distant, the perigynia radiating in all directions; culms 
slender and weak; leaves thin, flaccid, 1 mm.-2.5 mm. (or rarely 3 mm.) wide. 
C. Stigmas long, slender, usually straight, light red; perigynia gradually tapering 
into beak, usually 3 mm.- 3.5 mm. long; spikes with 6-12 perigynia; leaves with 
blades 1 mm.-2 mm. wide . ... . . .. ... .... .... . . ... .. 64. C. rosea 
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CC. Stigmas short, stout, usually twisted, dark red; perigynia abruptly contracted 
into beak, usually 3.25 mm.-4.5 mm. long; spikes with 6-20 perigynia; leaf 
blades 1.5 mm.-4 mm. (averaging about 2.5 mm.) 
wide ............................. . ... . ........... 64a. C. rosea var. pu.silla 
BB. Spikes either few-flowered and aggregated into a terminal head, or numerous-
flowered and more or less separated; perigynia appressed-ascending or spread-
ing; culms stout, firm; leaves firm, 3 mm. or more in width. 
C. Basal spongy-thickened portion of perigynia merely truncate-rounded; beaks 
of the perigynia gradually tapering, less than twice as long as bodies. 
D. Culms flattened, conspicuously winged; perigynia nerveless ventrally. 
E. Beaks of perigynia about the length of the bodies, the lanceolate bodies 
faintly nerved dorsally; ventral surface of leaf-sheaths hyaline 
and smooth .................................... 65. C. alopecoidea 
EE. Beaks of perigynia half the length of the bodies, the broadly ovate bodies 
strongly nerved dorsally; ventral surface of leaf-sheaths hyaline and 
strongly cross-rugulose . ...................... 66. C. conjuncta 
DD. Culms triangular, scarcely (if at all) winged; perigynia conspicuously 
nerved ventrally; ventral surface of leaf-sheaths either smooth or cross-
rugulose. 
E. Ventral surface of leaf-sheaths usually conspicuously cross-rugulose and 
prolonged upwards at mouth beyond base of leaf blade; pistillate scales 
merely acute or mucronulate . .................. 67. C. stipata 
EE. Ventral surface of leaf sheaths smooth, concave at mouth and not pro-
longed upwards beyond base of leaf blade; pistillate scales conspicuously 
awned ............................. .. ... . .... 67a. C. stipata 
var. laevivaginata 
CC. Basal one-third of each perigynium swollen and disk-like; beaks of perigynia 
slender, two or three times as long as bodies ........ 68. C. crus-corvi 
56. Carex leavenworthii Dewey, Amer. Jour. Sci. II 2: 246. 1846. 
Leavenworth's sedge-dry prairies and woodlands--southern New 
Jersey and eastern P ennsylvania, south along coastal plain to Florida and 
west to Texas; northward in the Mississippi Valley to Indiana, Illinois, 
and Iowa; also reported from southwestern Ontario. 
IOWA DISTRIBUTION: map 9-k. SPECIMENS EXAMINED: Jefferson County, 
Center Township, May 27, 1933, Gilly and McDonald 369, in part (P). 
Lee County, Keokuk, June 1, 1897, Shimek (!SC, SUI). Scott County, 
Buffalo, June, 1895, Barnes and Miller (!SC). UNCONFIRMED COUNTY RS-
PORTS: Henry (103), Johnson (164), and Shelby (107). 
57. Carex muhlenbergii Schkuhr, Riedgr. Nachtr. 12. 1806. 
C. muhlenbergii var. enervis Boott, Ill. Carex 124. 1862. 
C. plana Mackenz. Bul. Torrey Club 50: 350. 1923. 
Muhlenberg's sedge-dry hillsides, frequently in sandy soil-Maine 
to Ontario, Minnesota, and Nebraska, south to Florida, Louisiana, and 
Texas; most common along the coastal plain and in the Mississippi Valley. 
IOWA DISTRIBUTION: map lOe. UNCONFIRMED COUNTY REPORT: Mus::atin= 
(164). NOTE: Although some of the Iowa material appears to be refer-
able, when examined casually, to C. plana, I am unable-on the 
basis of the examination of a large series of specimens, includin~ those 
examined by Mackenzie-to satisfactorily separate that "species" frcm 
C. muhlenbergii, even as a variety. 
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58. Carex gravid.a L. H. Bailey, Mem. Torrey Club 1: 5. 1889. 
C. gravid.a var. laxifolia L. H. Bailey, l. c., 6. 
C. agglomerata Mackenz. Bul. Torrey Club 33: 442. 1906; not of C. B. 
Clarke 1903. 
C. aggregata Mackenz. Bul. Torrey Club 37: 246. 1910. 
C. lunelliana Mackenz. Bul. Torrey Club 42: 615. 1915. 
C. gravida var. lunelliana (Mackenz.) Hermann, Amer. Midl. Nat. 
17: 855. 1936. 
Heavy sedge--0pen woods, dry hillsides, prairie sloughs and swales, 
frequently along roadsides-western New Jersey and southern Ontario 
to Minnesota, North Dakota, and Wyoming, south to Virginia, Kentucky, 
Arkansas, Texas, and New Mexico. 
IOWA DISTRIBUTION: map 10-f. UNCONFIRMED COUNTY REPORTS: Allamakee 
(126), Marshall (107), Mahaska (96) , Muscatine (99, 107, 156, 159), 
Poweshiek (107), and Van Buren (107). NOTE: I am unable to sat-
isfactorily separate, even as varieties, the several "species" whose 
names are included in synonymy above. Individual specimens, it is 
true, are usually clearly referable to one or the other of them, but when 
the available material of the complex is considered no really limiting 
characters or groups of characters can be isolated. 
59. Carex cephalophora Muhl. ex Willd. Sp. Pl. 4: 220. 1805.· 
Oval-headed sedge-dry open woodlands-Maine and western Que-
bec to Manitoba and South Dakota, south to Florida, Louisiana, and 
Texas. 
IOWA DISTRIBUTION: map 10-g. UNCONFIRMED COUNTY REPORTS: Allamakee 
(126, 160), Decatur (87), Fayette (107, 117) , Louisa (102, 107), Lyon 
(151, 153), Muscatine (99, 102, 107, 156,. 159), Pottawattamie (120), and 
Scott (107) . 
60. Carex cephaloidea Dewey, Rep. Pl. Mass. 262. 1840. 
Thin-leaved sedge- low woodlands- New Brunswick to Ontario and 
Minnesota, south to New Jersey, Ohio, and Iowa. 
IOWA DISTRIBUTION: map 10-h. UNCONFIRMED COUNTY REPORT: Henry 
(103). NOTE: The reports of this species from Scott County (99, 107) 
are based on misidentifications of specimens of C. gravid.a. 
61. Carex sparganioides Muhl. ex. Willd. Sp. Pl. 4: 237. 1805. 
Bur-reed sedge-wooded slopes and ravines and floodplain thickets 
-New Hampshire to Quebec, Minnesota, and South Dakota, south to 
Virginia, Kentucky, Missouri, and Kansas. 
IOWA DISTRIBUTION: map 10-i. UNCONFIRMED COUNTY REPORTS: Clayton 
(126), Dubuque (126), Fayette (126), Floyd (107) , Hardin (148), Henry 
(103) , Mahaska (96), Muscatine (99, 107) , Scott (99, 107), and Winne-
shiek (124, 155). NOTE: Reports of this species from Dallas County (107) 
and Emmet County (170) are based on misidentifications of C. gravida. 










j--Carex annectens var. xanthocarpa. 
k-Carex vulpinoidea. 
1--Carex rosea. 
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62. Carex annectens (Bickn.) Bickn., var. xanthocarpa (Bickn.) Wie-
gand, Rhodora 24: 74. 1922. 
C. xanthocarpa Bickn. Bul. Torrey Club 23: 22. 1896; not of Degl. 
1807 (B). 
"C. xanthocarpa var. annectens" of some authors; not of Bickn. 1896. 
"C. setacea var. ambigua" of some Iowa authors; not of Fern. 1906 
(G). 
"C. annectens" of some Iowa authors; not of Bickn. 1908. 
C. brachyglossa Mackenz. Bul. Torrey Club 50: 355. 1923. 
Yellow-fruited sedge-fields, pastures, prairies, woodland edges, and 
pond banks; frequently becoming a weed-Maine to New York, Michigan, 
Wisconsin, and Iowa, south to Virginia, Indiana, Missouri, and Kansas. 
IOWA DISTRIBUTION: map 10-j. UNCONFIRMED COUNTY REPORT: Hardin 
(148). NOTES: (a) The report of this species from Black Hawk County 
(104) was based on a misidentification of a specimen of C. vulpinoidea. 
(b) Although the larger fruited phase of the species (typical annectens) 
has been reported for Iowa, I find that the specimens on which 
such reports are based are quite characteristic of this variety; because 
of intergradation in many and extensive areas within the range of the 
species, I am unable to accept specific status for this variety. 
63. Carex vulpinoidea Michx. Fl. Bor.-Amer. 2: 169. 1803. 
C. setacea Dewey, Amer. Jour. Sci. 9: 61. 1825. 
Fox sedge-low wet prairies, marshes, swamps, river floodplains, 
banks of ponds and streams, sometimes in shallow water-Newfoundland 
to Ontario, Manitoba, and British Columbia, south to Florida, Texas, 
Arizona, Idaho, and Oregon. 
IOWA DISTRIBUTION: map 10-k. UNCONFIRMED COUNTY REPORTS: Appanoose 
(117), Benton (107), Cedar (107), Lee (121), Lucas (107), Page (120), 
and Wright (107). 
64. Carex rosea Schkuhr ex. Willd. Sp. Pl. 4: 237. 1805. 
"C. rosea var. radiata" of Iowa authors; not of Dewey 1826. 
Stellate sedge-dry or moist woodlands and thickets-Nova Scotia 
and Quebec to Manitoba and North Dakota, south to Georgia, Louisiana, 
Arkansas, and Kansas. 
IOWA DISTRIBUTION: map 10-1. UNCONFIRMED COUNTY REPORTS: Henry 
(103), Muscatine (107), Pottawattamie (120), Scott (99, 107), and Van 
Buren (107). NOTES: (a) These unconfirmed reports, or at least some of 
them, may refer to the var. pusilla rather than to the typical phase of the 
species. (b) Although this species-complex is usually treated as three 
or more separate species, I am unable to find sufficiently clear distinctions 
between such entities. In addition to the variety recognized just below, 
C. radiata (Wahl.) Dewey ex Chapm., C. retroflexa Muhl. and C. texensis 
(Torr.) L. H. Bailey-three phases of the species-complex which have not 
been collected in Iowa-should be treated as varieties instead of as 
species. 
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64a. Carex rosea Schkuhr ex Willd., var. pusilla Peck ex Howe, Ann. 
Rept. N. Y. State Mus. 48: 132. 1897. 
C. convoluta Mackenz. Bul. Torrey Club 43: 428. 1916. 
Coarse stellate sedge; twisted-beak sedge-dry woodlands-Nova 
Scotia and Quebec to Manitoba and South Dakota, south to South Caro-
lina, Alabama, Tennessee, Arkansas, and Kansas. 
IOWA DISTRIBUTION: map 11-a. NOTE: This variety is more widespread 
and of more common occurrence in the state than the typical phase of 
the species. 
65. Carex alopecoidea Tuckerm. Enum. Carie. 18. 1843. 
Foxtail sedge-low swampy meadows and moist woodlands-Maine 
and Quebec to Manitoba, south to New Jersey, Indiana, and Iowa. 
IOWA DISTRIBUTION: map 11-b. SPECIMENS EXAMINED: Clay County, Gil-
lett's Grove Township, June 27, 1936, Hayden 670 (ISC, NY); Hardland 
Township, June 28, 1936, Hayden 669 (ISC). Emmet County, Armstrong, 
June, 1904, Cratty (ISC), June 14, 1905, Cratty (ISC); Estherville, June 
11, 1926, Wolden 1218 (NY), June 20, 1926, Wolden 1222 (ISC, W). 
Palo Alto County, Mud Lake, May 5, 1937, Hayden 8084 (ISC). UNCON-
FIRMED COUNTY REPORT: Story (92). 
66. Carex conjuncta Boott, Ill. Carex 122. 1862. 
Soft fox sedge-low wet woodlands-New Jersey and New York to 
Michigan, Illinois, Iowa, and South Dakota, south to Virginia, Kentucky, 
Missouri, and eastern Kansas. 
IOWA DISTRIBUTION: map 11-c. UNCONFIRMED COUNTY REPORTS: Henry 
(103), Jasper (107), and Muscatine (162). 
67. Carex stipata Muhl. ex Willd. Sp. Pl. 4: 233. 1805. 
Awl-fruited sedge-swamps, marshes, wet meadows, prairie swales, 
and sometimes in low open swampy woodlands-Newfoundland to Mani-
toba, British Columbia, and southern Alaska, south to North Carolina, 
Tennessee, Missouri, Kansas, New Mexico, and California. 
IOWA DISTRIBUTION: map 11-d. UNCONFIRMED COUNTY REPORTS: Decatur 
(87), Dickinson (157), Muscatine (99, 107), Scott (99, 107), Shelby (107), 
and Story (107). NOTE: Some of these reports, particularly those from 
the southern part of the state, may refer to the following variety instead 
of to the typical form of the species. 
67a. Carex sti,pata Muhl. ex Willd., var. laevivaginata Kuk. Pflanzenr. 
38 [IV. 20]: 172. 1909. 
C. laevivaginata (Klik.) Mackenz. in Britt. & Brown, Ill. Fl. ed. 2. 
1: 371. 1913. 
Smooth-sheath sedge-essentially the same habitat as the species-
Massachusetts to New York, Michigan, and Minnesota, south to Florida, 
Alabama, Tennessee, and Missouri. 
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IOWA DISTRIBUTION: map 11-b. SPECIMENS EXAMINED: Cass County, along 
U.S. Highway No. 71, near New Lyman, June 24, 1946, Gilly 7346 (ISC). 
Johnson County, Iowa City, 188-, Hitchcock (ISC), June 7, 1895, Shimek 
(SUI), June 8, 1928, Shimek (SUI). Lee County, Keokuk, June 1, 1897, 
Shimek (ISC, SUI). Montgomery County, along U. S. Highway No. 71, 
just south of Villisca, June 25, 1946, Gilly 7352 (ISC). 
68. Carex crus-corvi Shuttlw. ex Kunze, Suppl. Riedgr . 128. 1842. 
Raven's-foot sedge-swamps and river floodplains-Georgia and 
Florida to Texas, northward in the Mississippi Valley and Great Lakes 
Basin to Indiana, southern Michigan, Minnesota, and eastern Nebraska. 
IOWA DISTRIBUTION: map 11-e. UNCONFIRMED COUNTY REPORTS: Boone 
(141) and Muscatine (99, 107). 
KEY TO IOWA CAREX-GROUP G 
A . Perigynia either very obscurely nerved, or conspicuously 2-keeled but otherwise 
nerveless or very nearly so. 
B. Spikes widely spreading or drooping on slender flexuous peduncles; perigynia 
glabrous, shining; beaks conical-subulate, as long as or longer than the peri-
gynium bodies ...................................... 69. C. sprengelii 
BB. Spikes sessile or erect on firm peduncles; perigynia puberulent or pubescent, 
dull-surfaced; beaks shorter than perigynium-bodies. 
C. Perigynia conspicuously 2-keeled, otherwise nerveless, puberulent or short-
pubescent. 
D. Fertile culms (those bearing spikes) all alike, more or less erect and elon-
gated and bearing both staminate and pistillate flowers. 
E. Bodies of the perigynia (both beak and stipitate base excluded) oblong-
ovoid in shape, considerably longer than the 
diameter ..................... .. .......... . .... 70. C. artitecta 
EE. Bodies of the perigynia (both beak and stipitate base excluded) essen-
tially globose, scarcely (if at all) longer than the diameter. 
F. Plants cespitose, but not spreading by long-creeping rhizomes; lowest 
inflorescence bract either green and leaf-like or bifid or truncate and the 
midrib prolonged as an awn .................. 71. C. commu.nis 
FF. Plants sub-cespitose, spreading by long-creeping rhizomes; lowest 
inflorescence bract more or less scale-like, or longer and gradually 
tapering to the apex, rarely green and leaf-like and not awned. 
G. Perigynium body, excluding beak and stipitate base, globular and 
about 1.5 mm. in diameter; usually found in 
woodlands ........... . .................... 72. C. pensylvanica 
GG. Perigynium body, excluding beak and stipitate base, broadly ellip-
soid, 2.25 mm.-2.75 mm. long and 2 mm.-2.25 mm. in diameter; usually 
found on dry prairies .... .. ... . . . ... . .... .. 72a. C. pensylvanica 
var. digyna 
DD. Fertile culms of two sorts, some elongated and bearing staminate spikes (or 
very rarely also an occasional pistillate spike), the others short, more or 
less hidden in the leaves, and bearing only pistillate 
spikes ......... .. ..... .. ....... .. .. . ............ 73. C. tonsa 
CC. Perigynia not 2-keeled, nerveless or obscurely nerved, very conspicuously 
pubescent. . 
D. Foliage and culms pubescent; pistillate spikes loosely few-flowered; scales 
ciliate-margined ...... ... . ......... forms of 43. C. hirtifolia (in Group D) 
DD. Foliage and culms glabrous; pistillate spikes closely many-flowered; scales 
entire or hyaline and erose but not ciliate-margined. 
E. Culms usually smooth; leaves 2 mm. or less in width, margins involute 
toward apex; perigynia oblong-ovoid or ellipsoid, 3 mm.-5 mm. long, 1.75 
mm. thick; style bent or twisted above achene ... 74. C. lasiocarpa 
var. americana 
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EE. Culms usually rough; leaves 1.5 mm.-5 mm. wide, margins revolute 
toward apex; perigynia broadly ovoid or obovoid, 2.5 mm.-3.5 mm. long, 
1.75 mm.-2 mm. thick; style straight above 
achene ...... . ................................ 74a. C. lasiocarpa 
var. latifolia 
AA. Perigynia conspicuously numerous-nerved (the nerves spaced more or less 
uniformly around the diameter of the perigynia), not 2-keeled. 
B. Spikes widely spreading or drooping on slender flexuous peduncles. 
C. Beaks of perigynia with rigid erect teeth 0.5 mm. 
in length .... . ......... . . ... ................ .. · ..... 75. C. hystericina 
CC. Beaks of perigynia with recurved-spreading teeth 1.25 mm.-2 mm. 
in length . . ............ . ......... ..... . ... . ... .. .. 76. C. comosa 
BB. Spikes either sessile or stiffly erect (or somewhat spreading) on firm short 
peduncles. 
C. Perigynia sub-coriaceous and firm-walled, rather closely surrounding the 
achenes and scarcely (if at all) inflated. 
D. Perigynia pubescent ..... . . . . .. . ... ........ .. . . . 77. C. trichocarpa 
DD. Perigynia glabrous. 
E. Teeth of perigynium-beaks 0.5 mm. in length, blunt and stiffly 
erect ..... ...... . . ............. . ..... .... ...... 78. C. lacustris 
EE. Teeth of perigynium-beaks 1 mm.-3 mm. long, acute-tapering and 
spreading or recurved. 
F. Leaf blades and leaf sheaths pubescent, the sheaths brownish or purpli~h 
at mouth; perigynia lanceolate or ovoid-lanceolate, the teeth of the bi-
furcate beak usually 2 mm.- 3 mm. long .. ...... 79. C. atherodes 
FF. Leaf blades and leaf sheaths glabrous, the sheaths hyaline or greenish 
at mouth; perigynia broadly ovoid, the teeth of the bifurcate beak 
usually 1 mm.-2 mm. long ......... . ........ 79a. C. atherodes 
var. longo-lanceolata 
CC. Perigynia membranous and thin-walled, considerably inflated, each achene 
thus filling only a portion of the perigynium which surrounds it. 
D. Perigynia less than 10 mm. in length. 
E. Scales of the pistillate flowers acute, acuminate, or mucronate, the midribs 
(except rarely in a few of the lowermost flowers in each spike) not pro-
longed into scabrid awns. 
F. Bracts subtending the pistillate spikes shorter than or only somewhat 
exceeding the entire inflorescence; perigynia ascending or somewhat 
spreading. 
G. Perigynia ellipsoid, broadest about the middle of the bodies, more or 
less tapering toward the base, 2 mm.-3.5 mm. thick. 
H. Base of the culms scarcely (if at all) spongy-inflated; pistillate 
spikes somewhat loosely flowered with 30-100 perigynia arranged 
in 5-8 rows .......... . . . ................. 80. C. vesicaria 
HH. Base of culms considerably spongy-inflated; pistillate spikes 
densely and closely-flowered wtih 40-450 perigynia crowded into 
many rows .. .. ..... ........... ......... 81. C. rostrata 
var. utriculata 
GG. Perigynia ovoid, broadest at the base, 4 mm.-6.5 mm. 
thick ............ .. . ..... .. . .. .. .. . . ...... 82. C. tuckermani 
FF. Bracts subtending the pistillate spikes with well-developed blades, 
several to many times exceeding the whole inflorescence in length; 
perigynia wide-spreading, many of the lower ones 
reflexed . ... ....... ..... .. . ...... . ........ .. . 83. C. retrorsa 
EE. Scales of the pistillate flowers with midribs prolonged as long 
scabrid awns ... . ..... ...... . . ... .. .. ......... 84. C. lurida 
DD. Perigynia 10 mm. or more in length. 
E. Pistillate spikes globose or sub-globose; style straight for its 
entire length ..... .. ......... . . . . ..... ...... . . .. 85. C. grayii 
EE. Pistillate spikes oblong-cylindrical or cylindrical; style bent or twisted 
just above achene. 
F . Achenes longer than thick, the sides shallowly concave, the three angles 
knobless ................. . . .. . .............. 86, C. lupulina 
FF. Achenes as thick or thicker than their length, the sides deeply concave, 
the three angles prominent~y kl!obbed .. \' .... . 87. C. lupulifcrmis 
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69. Carex sprengelii Dewey ex Spreng. Syst. 3: 827. 1826. 
C. longirostris Torr. ex Schw. Ann. Lye. N. Y. 1: 71. 1824; not of 
Krock. 181~ . (B, BB, G). 
Sprengel's sedge; long-beaked sedge-wooded slopes and rocky 
ledges, occasionally along ponds and streams-New Brunswick to On-
tario and Alberta, south to Delaware, Pennsylvania, Indiana, Iowa, and 
Colorado. 
IOWA DISTRIBUTION: map 11-f. UNCONFIRMED COUNTY REPORTS: Clinton 
(107), Dickinson (157), Floyd (101), and Scott (99, 107). 
70. Carex artitecta Mackenz. N. Amer. Fl. 18: 189. 1935. 
C. varia Muhl. ex Wahl. Sv. Vet.-Akad. Nya. Handl. 24: 159. 1803; 
not of Lumnitzer 1791; nor of Host. 1801. 
Protected s~dde-usually in dry soil, frequently along lake shores, 
sometimes in sandy soil-Vermont to Ontario, Michigan, and Iowa, south 
to South Carolina, Tennessee, Arkansas, and Oklahoma. 
IOWA DISTRIBUTION: map 11-g. SPECIMENS EXAMINED: Emmet County' 
High Lake, June 11, 1917, Wolden 302 (!SC, W); Mud Lake, May 6, 1922, 
Wolden 381 (!SC, W). Fremont County, Tabor, 1898, Baldwin (!SC). 
71. Carex communis L. H. Bailey, Mem. Torrey Club 1: 41. 1889. 
C. varia var. pedicellata Dewey, Amer. Jour. Sci. 11: 163. 1826. 
C. pedicellata (Dewey) Britt. ex L. H. Bailey, Mem. Torrey Club 5: 87. 
1894. 
Fibrous-rooted sedge-dry woodlands, rocky hillsides, bluffs, and 
rocky ledges-Nova Scotia and Quebec to Minnesota, south to Georgia, 
Kentucky, and Arkansas. 
IOWA DISTRIBUTION: map 11-h. SPECIMENS EXAMINED: Fayette County, 
Fayette, May 5, 1894, Fink (!SC). Madison County, Peru, June 20, 1897, 
Hollingsworth (G, ISC). Muscatine County; Muscatine, without date, 
Ball (!SC); Wild Cat Den State Park, June, 1897, Barnes, Miller, and 
Martin (!SC, NY, SUI) . UNCONFIRMED COUNTY REPORT: Scott (107). 
72. Carex pensylvanica Lam. Encyc. 3: 388. 1791. 
Pennsylvania sedge-open woodlands and woodland edge thickets-
Nova Scotia and Quebec to Minnesota and North Dakota, south to South 
Carolina, Tennessee, Missouri, and Iowa. 
IOWA DISTRIBUTION: map 11-i. UNCONFIRMED COUNTY REPORTS: Allamakee 
(160), Floyd (107), Kossuth (107), Lee (121), Louisa (102), Monona 
(101), Scott (107), and Shelby (119). NOTES: (a) At least some of 
these reports must refer to the var. digyna, rather than to the typical phase 
of the species. (b) As originally published, the specific epithet was spelled 
with only one n; therefore, the spelling as given here should be used. 
Fernald (31a) and Egler (21a) have adequately discussed the problems 
posed by the variation in spelling of this epithet. 
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72a. Carex pensylvanica Lam., var. digyna Bockl. Linnaea 41: 220. 1877. 
C. heliophila Mackenz. Torreya 13: 15. 1913. 
Prairie Pennsylvania sedge; sunlight sedge-dry prairies and plains, 
often in gravelly or sandy soil-Manitoba to Alberta, south to Illinois, Mis-
souri, Kansas, New Mexico, and Colorado. 
IOWA DISTRIBUTION: map 11-j. 
73. Carex tonsa (Fern.) Bickn. Bul. Torrey Club 35: 492. 1908. 
C. umbellata var. tonsa Fern. Proc. Amer. Acad. 37: 507. 1902. 
Deep-green sedge-sandy soil and in sand dunes-Nova Scotia and 
Quebec to Minnesota and Alberta, south to Delaware, Maryland, Indiana, 
and Iowa. 
IOWA DISTRIBUTION: map 11-g. SPECIMENS EXAMINED: Allamakee Coun-
ty, 5-10 miles west of New Albin, September 13, 1937, Tolstead (ISC); 
4 miles south of New Albin, June 18, 1940, Hayden 9960 (ISC, NY). 
74. Carex lasiocarpa Ehrh., var. americana Fern. Rhodora 44: 304. 1942. 
"C. filiformis" of many authors; not of L. 1753 (B). 
"C. lasiocarpa" of most American authors; not of Ehrh. 1784. 
Slender sedge-swamps, sphagnum bogs, sloughs, borders of lakes 
and ponds, prairie swales-Newfoundland to Keewatin and British 
Columbia, south to northern New Jersey, Pennsylvania, Ohio, Illinois, 
Iowa, Manitoba, Saskatchewan, and Washington. 
IOWA DISTRIBUTION: map 11-k. UNCONFIRMED COUNTY REPORTS: Cerro 
Gordo (142), Shelby (119), Winnebago (142), and Worth (142). NOTE: 
Although usually recognized as a distinct species, C. lanuginosa, a more 
robust plant, seems to be merely the North American segment of a more 
robust phase of the species found toward the southern part of the species 
range in North America, Europe, and Asia; Clausen and Wahl (17a) 
have recognized the robust American plant as a subspecies. Fernald 
(32) has recently indicated that the typical form of this species is con-
fined to northern Europe and Asia; for this reason he has separated the 
more slender American plants as var. americana. After studying a large 
series of specimens from the three continents I am more or less 
in agreement with Clausen and Wahl, although varietal status for both 
of the American plants seems preferable to recognizing them as sub-
species. Further study of related species may result eventually in a 
reunion of the "lasiocarpa-lanuginosa" complex with the northern Eura-
sian C. filiformis L. 
74a. Carex lasiocarpa Ehrh., var. latifolia (Bockl.) Gilly, comb. nov.21 
C. lanuginosa Michx. Fl. Bor.-Amer. 2: 175. 1803. 
C. filiformis var. latifolia Bockl. Linnaea 41: 309. 1877. 
21 Because of the necessity of using the oldest available varietal epithet-Article 58 
of the International Rules of Botanical Nomenclature (12), which states: " ... when 
a subdivision of a species becomes a species, or when the reverse of these changes take 
place, and in general when a group changes its rank, the earliest legitimate name or 
epithet given to the group in its new rank is valid, unless that name or the resulting 
association or combination is a later homonym ... "-this combination must replace 
the already available C. lasiocarpa var. lanuginosa (Michx.) Kuk. 
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C. filiformis var. lanuginosa (Michx.) B.S.P. Prel. Cat. N. Y. 63. 1888. 
C. lasiocarpa var. lanuginosa (Michx.) Kiik. Pflanzer. 38[IV. 20]: 
748. 1909. 
C. lasiocarpa ssp. lanuginosa (Michx.) Clausen & Wahl, Rhodora 
41: 31. 1939. 
Woolly sedge-habitat essentially the same as for the var. ameri-
cana-New Brunswick, Quebec, and Ontario to Minnesota, Manitoba, 
Saskatchewan, Alberta, and British Columbia, south to Delaware, Vir-
ginia, Tennessee, Arkansas, Texas, New Mexico, Arizona, and California. 
IOWA DISTRIBUTION: map 11-1. UNCONFIRMED CO.UNTY REPORTS: Henry 
(103), Linn (133), and Scott (99, 107). 
75. Carex hystericina Muhl. ex. Willd. Sp. Pl. 4: 282. 1805. 
"C. hystricina" of many authors (B, BB, BB2, R). 
Porcupine sedge-swamps, wet prairies, swales, marshes, hanging 
bogs, and along stream banks and pond and lake shores, sometimes in 
shallow water-New Brunswick and Quebec to Manitoba, Alberta, and 
Washington, south to Virginia, Missouri, Oklahoma, Texas, New Mexico, 
and California. 
IOWA DISTRIBUTION: map 12-a. UNCONFIRMED COUNTY REPORTS: Decatur 
(119), Fayette (126), Hardin (148), Lee (121), Linn (133), Mahaska 
(96), Muscatine (99, 107), Scott (99, 107), and Shelby (119). NOTE: 
Although the specific epithet is frequently given as "hystricina," the 
original spelling of the epithet when published is as given above; this 
original spelling must be retained. 
76. Carex comosa Boott, Trans. Linn. Soc. 20: 117. 1846. 
C. pseudo-cyperus var. americana Hochst. ex L. H. Bailey, Mem. 
Torrey Club 1: 54. 1889. 
Bristly sedge-marshes, swamps, prairie sloughs, and in shallow 
water along lake shores-Maine and Quebec to Minnesota and Nebraska, 
south to Florida and Louisiana; also along the Pacific Coast from Wash-
ington to central California and inland to Idaho. 
IOWA DISTRIBUTION: map 12-b. UNCONFIRMED COUNTY REPORTS: Hardin 
(148), Henry (103), Johnson (164), and Muscatine (107). 
77. Carex trichocarpa Muhl. ex. Schkuhr, Riedgr. Nachtr. 47. 1806. 
Hairy-fruited sedge-marshes, swales, swamps, and wet meadows-
Vermont and Quebec to Minnesota, south to Delaware, Pennsylvania, 
Indiana, and Iowa. 
IOWA DISTRIBUTION: map 12-c. UNCONFIRMED COUNTY REPORTS: Benton 
(107), Dickinson (157), Hardin (148), Lyon (153), Scott (99), and 
Story (107, 132). 
78. Carex lacustris Willd. Sp. Pl. 4: 306. 1805. 
"C. riparia" of numerous authors; not of Curtis. 1783 (B, BB, G). 
River-bank sedge-swamps, hanging bogs, marshes, and along river 
and lake shores, sometimes in water up to 1 foot deep-Nova Scotia and 
Quebec to Manitoba, south to Maryland, Ohio, and Iowa. 
FIGURE 11. Distribution Maps of Iowa Cyperaceae. 
a-Carex rosea var. pusilla. 





g-Carex artitecta ( • ) and Carex tonsa ( A). 
h-Carex communis. 
i-Carex pensylvanica. 
j-Carex pensylvanica var. digyna. 
k-Carex lasiocarpa var. americana. 
I-Carex lasiocarpa var. latifolia. 
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IOWA DISTRIBUTION: map 12-d. UNCONFIRMED COUNTY REPORT: Dickinson 
(143). NOTE: The report of this species from Black Hawk County (104) 
is based .on a misidentification of a specimen of C. atherodes. 
79. Carex atherodes Spreng. Syst. 3: 827. 1826. 
C. aristata R. Br. in Richards. in Frankl. Journey 751. 1823; not of 
Honck. 1792 (B) . 
C. trichocarpa var. imberbis A. Gray, Man. ed. 5. 597. 1867. 
C. trichocarpa var. aristata (R. Br.) L. H. Bailey, Bot. Gaz. 10: 294. 
1885. . 
Awned sedge-swamps, bogs, marshes, river banks, frequently in 
standing water up to at least 18 inches deep-Ontario to Mackenzie, Yu-
kon, and British Columbia, south to western New York, Indiana, Missouri, 
Kansas, Colorado, and Oregon. 
IOWA DISTRIBUTION: map 12-e. UNCONFIRMED COUNTY REPORTS: Dallas 
(107) , Hardin (148), Henry (103) , and Mahaska (96). NOTE: Inter-
mediates, on the basis of several combinations of characters, between 
this species and the following variety are of frequent occurrence; in this 
treatment the individual intermediate specimen has been assigned to 
either the species or the variety on the basis of the proportion of the two 
sets of characteristics which it possessed. 
79a. Carex atherodes Spreng., var. longo-lanceolata (Dewey) Gilly, comb. 
nov.22 • 
C. aristata var. longo-lanceolata Dewey, Amer. Jour. Sci. II 18: 102. 
1854. 
C. laeviconica Dewey, Amer. Jour. Sci. II 24: 47. 1857. 
C. trichocarpa var. deweyi L. H. Bailey, Bot. Gaz. 10: 293. 1885. 
C. trichocarpa var. laeviconica (Dewey) Hitchc. Trans. Acad. St. 
Louis 5: 524. 1891. 
C. aristata ssp. trichocarpa var. laeviconica (Dewey) Kiik. Pfl.anzenr. 
38 [IV. 20]: 754. 1939. 
Smooth-sheathed awned sedge-habitat essentially the same as for 
the species-Manitoba to Saskatchewan, south to Illinois, Missouri, Kan-
sas, South Dakota, and Montana. 
IOWA DISTRIBUTION: map 12-f. UNCONFIRMED COUNTY REPORT: Muscatine 
(107). 
80. Carex vesicaria L. Sp. Pl. 979, in part. 1753. 
C. monile Tuckerm. Enum. Carie. 20. 1843 (B, BB). 
C. vesicaria var. monile (Tuckerm.) Fern. Rhodora 3: 53. 1901. 
Inflated sedge-swampy or marshy places, low wet prairies, and 
pond or lake edges-Newfoundland to Keewatin and British Columbia, 
south to Delaware, Indiana, Missouri, N. Mexico, and California; also 
widely distributed in Eurasia and reported from north Africa. 
22 Although the varietal epithets deweyi and laeviconica would seem to be avail-
able for this variety, because of Article 58 of the International Rules of Botanical 
Nomenclature (12), this combination is necessary. See also footnote 21 of this paper. 
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IOWA DISTRIBUTION: map 12-g. UNCONFIRMED COUNTY REPORTS: Hardin 
(148), Muscatine (99, 107), Poweshiek (94), and Scott (99, 107). 
81. Ca~ex rostrata Stokes, var. utriculata (Boott) L. H. Bailey, Proc. 
Amer. Acad. 22: 67. 1886. 
"C. inflata" of many authors; not of Huds. 1762 (mixtum), nor 1778. 
"C. rostrata" of many American authors; not of Stokes 1787 (BB2, G, 
R). 
C. utriculata Boott in Hook. Fl. Bor.-Amer. 2: 221. 1839 (B, BB). 
C. inflata var. utriculata (Boott) Druce, Bot. Soc. & Exchange Club 
Brit. Isl. Rept. 9: 141. 1930. 
Bottle sedge-swamps, marshes, bogs, pond and lake edges, some-
times in water up to at least one foot deep-Labrador and Newfoundland 
to British Columbia, south to Delaware, District of Columbia, West Vir-
ginia, Ohio, Indiana, Iowa, South Dakota, New Mexico, and California. 
IOWA DISTRIBUTION: map 12-h. NOTES: (a) Fernald (32) discussed the 
status of this species four years ago. At that time he found it necessary 
to accept the apparent priority of C. inflata and at the same time he recog-
nized that much of the American material of the species belonged to this 
variety rather than the typical phase of the species which is common in 
Eurasia and ranges across North America somewhat to the north of the 
distributional range of this variety. (b) After this paper had been ac-
cepted for publication but, fortunately, before the typescript had gone to 
the printer, Fernald's revised opinion (34a) of the correct name for this 
species appeared in print. Accordingly, the change from C. inflata back 
to C. rostrata has also been made here. It seems relatively safe to follow 
Fernald in this nomenclatural regression inasmuch as his decision is 
primarily based on evidence presented by Nelmes (59a). 
82. Carex tuckermani Boott ex Dewey, Amer. Jour. Sci. 49: 48. 1845. 
Tuckerman's sedge-swampy woodlands and meadows-New Bruns-
wick to Ontario and Minnesota, south to New Jersey, Ohio, and Iowa. 
IOWA DISTRIBUTION: map 12-h. SPECIMENS EXAMINED: Jasper County, 
Richland Township, 1886, Norris (GRC), August 20, 1897, Norris (ISC). 
UNCONFIRMED COUNTY REPORT: Poweshiek (107) . 
83. Carex retrorsa Schw. Ann. Lye. N. Y. 1: 71. 1824. 
Retrorse sedge-swampy woodlands, marshes, and floodplains-Nova 
Scotia and Quebec to Saskatchewan and British Columbia, south to New 
Jersey, Ohio, Iowa, South Dakota, Colorado, and Oregon. 
IOWA DISTRIBUTION: map 12-i. UNCONFIRMED COUNTY REPORT: Johnson 
(164). NOTE: A report of this species from Lee County (121) was based 
on a misidentification of a specimen of C. lurida. 
84. Carex lurida Wahl. Sv. Vet.-Akad. Nya Handl. 24: 153. 18Q3. 
C. lurida var. parvula L. H. Bailey, Bul. Torrey Club. 20: 418. 1893. 
Sallow sedge-swamps, wet meadows, prairies, and ravines-
Nova Scotia and Quebec to Minnesota and Oklahoma, south to Florida, 
Louisiana, and Texas; south along the Gulf Coast into eastern Mexico. 
130 CHARLES L. GILLY 
IOWA DISTRIBUTION: map 12-j. SPECIMENS EXAMINED: Jefferson County, 
Lockridge Township, August 12, 1935, McDonald 2752 (P). Lee County, 
July 9, 1931, Fults 1330 (ISC). Story County, Ames, 1886, Hitchcock 
(ISC) . UNCONFIRMED COUNTY REPORT: Dickinson (89). 
85. Carex grayii Carey, Amer. Jour. Sci. II 4: 22. 1847. 
"C. folliculata" of Iowa authors; not of L. 1753. 
C. grayii var. hispidula A. Gray ex L. H. Bailey, Mem. Torrey Club 
1: 54. 1889. 
C. asa-grayii L. H. Bailey, Bul. Torrey Club 20: 427. 1893 (B, BB, 
BB2, R). 
C. asa-grayii var. hispidula (A. Gray) L. H. Bailey, l. c. 
Gray's sedge-low wet woodlands and floodplain marshes-New-
foundland to Keewatin and Minnesota, south to Florida, Louisiana, and 
Texas. 
IOWA DISTRIBUTION: map 12-k. UNCONFIRMED COUNTY REPORTS: Cerro 
Gordo (142), Hamilton (142), Henry (103), Mahaska (96), Muscatine 
(99, 107), Scott (99, 107), Shelby (107), Winnebago (142), Winneshiek 
(124), Worth (142), and Wright (142). NOTE: The doubtfully distinct 
hispid-fruited phase (the var. hispidula) has been collected in Jasper 
County and may be more widely distributed in the southeastern part of 
the state. 
86. Carex lupulina Muhl. ex. Willd. Sp. Pl. 4: 266. 1805. 
C. lupulina var. pedunculata A. Gray ex Beck, Bot. U. S. 438. 1833. 
Hop sedge-marshes, swamps, low swampy woodlands, and stream 
floodplains-Nova Scotia to Ontario and Minnesota, south to Florida, 
Texas, and Oklahoma. 
IOWA DISTRIBUTION: map 12-1. UNCONFIRMED COUNTY REPORTS: Adams 
(120), Clinton (107), Hamilton (142), Hardin (148), Henry (103), Ma-
haska (96), Montgomery (120), Scott (99, 107), and Union (120). NOTE: 
A report of this species from Decatur County (87) is based on a misiden-
tification of a specimen of C. lupuliformis. 
87. Carex lupuliforrnis Sartw. ex Dewey, Amer. Jour. Sci. II 9: 29. 1850. 
Hop-like sedge-swampy woodlands and low wet ground-Vermont 
to Ontario, Wisconsin, and Iowa, south to Delaware, Kentucky, Louisiana, 
Texas, and Oklahoma. 
IOWA DISTRIBUTION: map 12-i. SPECIMENS EXAMINED: Decatur County, 
July 8, 1900, Anderson (ISC). Lee County, July 29, 1931, Fults 1644 
(ISC); Keokuk, June 1, 1897, Shimek (SUI). UNCONFIRMED COUNTY RE-
PORT: Mahaska (97) . 
SPECIES OF CAREX ERRONEOUSLY OR DOUBTFULLY REPORTED FOR IOWA 
Carex adusta Boott-This species was reported from Iowa, without 
definite locality (90), and from Lyon County (151) as "adusta (?) ." 
Cratty (107) , under C. foenea perplexa on page 360, states: "Spirit Lake, 
June 24, 1881, Arthur. This latter is the C. adusta of Arthur's Catalogue.", 






f-Carex atherodes var. longo-lanceolata. 
g-Carex vesicaria. 
h-Carex rostrata var. utriculata ( • ) and Carex tuckermani ( 4 ). 
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and on page 369: "C. adusta Boott. Prof. Shimek collected at Rock 
Rapids, Lyon Co., Aug. 1896, what appears to be this species. Fur-
ther observation is needed." Both the Arthur and Shimek specimens men-
tioned by Cratty are representative of C. brevior (Dewey) Mackenz. as 
accepted in this paper. See also discussion of C. foenea var. perplexa 
below. 
Carex aenea Fern.-The report of this species from Mahaska County 
(96) has not been confirmed, but it is almost certainly based on a mis-
identification of some member of the section Ovales (see page 96 of this 
paper). C. aenea, a northern species, is known from Minnesota, Wiscon-
sin, and South Dakota, as well as further eastward. 
Carex alata Torr.-The reports of this species from Iowa, without 
exact locality (90, 107) and from Ames, Story County-as C. straminea 
var. alata (Torr.) L. H. Bailey-(107, 132) are based on specimens of 
C. bicknellii Britt. The reports from Poweshiek County (105, 107) are 
based on a specimen of C. suberecta (Olney) Britt. 
Carex aperta Boott-The report of this species for Iowa, without 
exact locality (90), apparently refers to C. haydenii Dewey. 
Carex arcta Boott-1 have not seen the specimen on which the 
report of this species from Mahaska County (96) is based. At present 
the known range of this species is from New Brunswick and Quebec to 
Alberta and British Columbia, south to Massachusetts, New York, Michi-
gan, Minnesota, Idaho, and California, and it seems doubtful that it occurs 
in Iowa. 
Carex bromoides Schkuhr-The report of this species for Story 
County (100) has not yet been substantiated. 
Carex castanea Willd.-The report of this species from the Grinnell 
area (105) has not yet been confirmed. 
Carex digitalis Willd.-The report of this species from Johnson 
County (164) is apparently based on a specimen of C. laxiculmis Schw. 
"Carex foenea" of authors (= C. argyrantha Tuckerm.); not 
C. foenea Willd.-The reports of this species from Scott County (99, 107) 
and Story County (107) are based on a series of specimens of C. bicknellii 
Britt. , and the report of the species for Iowa in the Illustrated Flora (16) 
has not yet been confirmed. See page 98 of this paper for a discussion 
of the true C. foenea. 
Carex foenea var. perplexa L. H . Bailey-The report of this variety 
from Scott County (107) is based on a mixture of C. festucacea Schkuh1 
and C. brevior (Dewey) Mackenz., and the reports from Dickinson 
County (107, 157) are based on specimens of C. brevior. See also the dis-
cussion under C. adusta above. 
Carex formosa Dewey-The report of this species from Black Hawk 
County (104) was based on a specimen of C. davisii Schw. & Torr. and 
the report from Decatur County (110) is based on a specimen of C. 
shortiana Dewey. 
Carex hormathodes Fern.-This species is listed for Iowa in "Gray's" 
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Manual (66) and in the Illustrated Flora (16). The report is still uncon-
firmed and is probably based on a misidentification. 
Carex houghtonii Torr.-The report of this species from "Council 
Bluffs, Iowa" by Upham (82) has not yet been substantiated. 
Carex hyalinolepis Steud.-The report of this species for Iowa, with-
out exact locality (53) is based upon specimens which I am obliged to 
place in C. lacustris Willd. 
Carex intumescens Rudge-The reports of this species, without exact 
locality (53), from central Iowa (106) and from Dubuque County (118) 
are based on specimens of C. grayii Carey. It might be noted here that 
an eventual reevaluation of the relationship between C. grayii and C. 
intumescens may result in the merging of these two species. 
Carex leptalea Wahl.-This species is known from the neighboring 
states of Minnesota, Wisconsin, Illinois, and Missouri. It may, therefore, 
be expected in eastern Iowa. For this reason the species has been inserted 
in the key for the genus Carex in this paper (see page 105). 
Carex lupulina var. bella-villa L. H. Bailey (= C. macounii Dewey) 
-The report of this variety from Hardin County (148) is based on an 
aberrant specimen of C. retrorsa Schw. Mackenzie (53) considered this 
variety as one of the several phases of a complex series of hybrids in which 
C. lupulina, C. retrorsa and a number of other species were involved. 
Carex michauxiana Bockl.-The report of this species from the 
Grinnell area (105) has not yet been substantiated. 
Carex pauciflora Lightf.-The report of this species for Emmet 
County (142) has not been substantiated. Perhaps it is merely a typo-
graphical error for Eleocharis pauciflora (Light£.) Link. 
Carex plantaginea Lam.-The report of this species for Lee County 
(90) has not yet been confirmed. It may, perhaps, be based on a specimen 
of C. albursina Sheldon which superficially resembles C. plantaginea. 
Carex pseudo-cyperus L.-The reports of this species from Dickin-
son and Emmet Counties (95) ar~ based on specimens of C. hystericina 
Muhl.; the report from Hardin County (148) is based on a specimen of 
C. comosa Boott. 
Carex scoparia var. minor Boott (= C. crawfordii Fern.)-The re-
port of this variety from Iowa, without exact locality (90), has not been 
substantiated. 
Carex stellulata Gooden (= C. muricata L.)-The reports of this 
species for Iowa, without exact locality (94), and from the Grinnell area 
(105) have not been substantiated. 
Carex sterilis Willd.-The report of this species from Dallas County 
(107) is based on a misidentification of C. muhlenbergii Schkuhr; the 
reports from Lee County (107) and Scott County (99, 107) are based on 
misidentifications of C. leavenworthii Dewey. 
Carex straminea Willd.-The report of this species from Decatur 
County (107) is based on a specimen of C. normalis Mackenz.; the report 
from Emmet County (107) is based on a specimen of C. suberecta (Olney) 
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Britt.; the reports from Lyon County (107, 151) are based on a specimen 
of C. brevior (Dewey) Mackenz.; and the reports from Scott County 
(99, 107) are based on specimens of C. festucacea Schkuhr. The reports 
from Boone County (141) and Linn County (133) have not been sub-
stantiated. 
Carex straminea var. alata (Torr.) L. H. Bailey-see discussion 
under C. aLa.ta, above. 
Carex straminea var. aperta Boott (= C. richii (Fern.) Mackenz.)-
The reports of this variety from Johnson County (117) and Winneshiek 
County (117) have not been confirmed. Almost certainly they refer to 
some other species of the section Ovales. See discussion under C. aenea, 
above. 
Carex straminea var. hyalina (Boott) Boott (= C. hyalina Boott)-
The report of this variety from Iowa, without exact locality (90), is based 
on a specimen of C. bicknellii Britt. in the Gray Herbarium (G): June 3, 
1880, Jones. 23 
Carex tenella Schkuhr (= C. disperma Dewey)-The author has not 
seen the specimen, ·on which the report of this species from Lee County 
(121) is based. Although this northern-ranging species is known from both 
Minnesota and Wisconsin, it is doubtful if it occurs in Iowa, particularly 
in the southeastern corner of the state. 
Carex torta Boott-The report of this species from the Grinnell area 
(105) has not yet been substantiated. 
Carex trice,ps var. smithii L. H. Bailey (= C. caroliniana Schw.)-
The report of this .species for Van Buren County (108) is based upon a 
specimen of C. hirsutella Mackenz. 
Carex trisperma Dewey-The report of this species from Emmet 
County (142) is still unsubstantiated. 
Carex umbellata Schkuhr-I have not seen the specimen upon 
which the report from Lee County (121) is based. The species is known 
from Illinois and Minnesota and might possibly be ·expected in eastern 
Iowa. 
GENERA FREQUENTLY REPORTED FOR IOWA 
Fuirena Rottb. Descr. et le. Pl. 70. 1773.-F. squarrosa Michx. has 
been reported from Johnson County (164), and one or more of the 
species of the genus are given a range in the regional manuals (14f 16, 
66, 67) which includes Iowa. Thus far, I have been unable to find 
the specimen on which the Johnson County report was based; more-
over, he has been unable to find any specimen of this genus which has 
been collected in Iowa. This genus is included in the Key to the Genera 
in this paper ( see page 68) for the convenience of the student who might 
be so fortunate as to rediscover the genus within the state. 
Cladium P. Br. Civ. & Nat. Hist. Jam. 114. 1756 [Mariscus (Hall) 
23 The date on the specimen label is "Jan. 3, 1880," but that seems scarcely possible 
in view of the good condition of the specimen. 
THE CYPERACEAE OF IOWA 135 
Zinn, Cat. Hort. Gott. 79. 1757]-Cladium mariscoides (Muhl.) Torr. 
[Mariscus mariscoides (Muhl.) Kuntze] is reported for Iowa in all the 
regional manuals. Thus far the author has been unable to locate a speci-
men of the species which has been collected in Iowa. Nevertheless, as 
with Fuirena, the genus is included in the Key to the Genera of this 
paper (see page 69). 
GLOSSARY 
This list of terminology definitions should be used in conjunction 
with Figure 3 (page 67) . It should be noted that no attempt has been 
made to give a complete and all-inclusive definition for any term included 
below. The aim has been, rather, to provide a brief and accurate ex-
planation of each term in the sense in which it has been used in this 
particular paper (see also the discussion, page 57, of the necessity for 
using a £pecialized terminology in the family Cyperaceae) . 
achene-the cyperaceous fruit; a dry, indehiscent, hard-walled, 1-celled and 1-seeded 
structure. 
acuminate-gradually narrowed and constricted to a sharp point (Fig. 3, N-5). 
acute-abruptly and sharply pointed (Fig. 3, N-3). 
adnate-attached by one side to another structure. 
androgynous spike (or spikelet)-one with staminate flowers at apex and pistillate 
flowers below (see also gynecandrous spike). 
apiculation-a terminal point or projection remaining on the achene after the decidu-
ous style has fallen off (Fig. 3, H) . This is of the same color and texture as the 
achene (compare with tubercle). 
appressed-closely fitted together (but not united or fused) for total length. 
approximate-attached close together (or at the same point) but not united or fused 
together. 
aristate-awn-tipped (Fig. 3, N-6). This term should not be confused with mucronate. 
ascending-erect, or pointed upwards. 
awn-an elongated extension of the midrib beyond the margin of a leaf, bract or 
scale (Fig. 3, N-6). 
beak-the constricted apical portion (or mouth) of a perigynium (Fig. 3, Q, W). 
biconvex-having two opposite convexly-curved surfaces in cross-section (Fig. 3, 
M-1) . 
bidentate-two-toothed (Fig. 3, Q). 
bidentulate-minutely two-toothed. 
bifid-separated into two parts by a median slash- or wedge-shaped sinus (Fig. 3, N-7). 
bisexual flower-a flower containing both stamens and pistil, i.e., a perfect flower 
(Fig. 3, F). 
bisexual spike-a spike containing both staminate and pistillate flowers. 
body-the expanded portion of a scale (as contrasted to a terminal awn) or of a 
perigynium (as contrasted to the narrowed or constricted beak). 
bracts-reduced leaves which subtend individual spikes or clusters of spikes or spike-
lets in the sedge inflorescence. They may be leaf-like or scale-like in appearance. 
capillary-thread-like (more delicate and slender than filiform). 
cauline leaves-leaves attached at intervals to a stem-like culm, as contrasted to 
basally-clustered leaves. 
cespitose-a plant with clustered or tufted stems; tussock-like. 
ciliate-with a marginal fringe or row of hairs. 
cross-rugulose-transversely wrinkled. 
culms-the scape-like and essentially leafless aerial stems which support the inflor-
escence of the Cyperaceae. ' l 
cuspidate-with a troadly toothed apex; similar to mucronate except that the mucro 
is essentially win~-margined. 
dioecious-a plant which bears only staminate flowers or only pistillate flowers, the 
other type of flowers being borne on another individual plant (see also monoe-
cious). 
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dorsal-the outer ("back" or "lower") surface of an achene, perigynium, leaf blade, 
or leaf sheath; the surface which is furthest away from axis or culm when the 
structure under consideration is in an upright position (Fig. 3, 0, P-dor). 
ellipsoid-a solid object, such as an ac)lene or a spikelet, with an elliptical profile. 
elliptical-a flat-surface shape, broadest in the middle and gradually narrowing 
toward both ends (Fig. 3, L-5). 
erose-with a ragged or very unevenly toothed margin or apex. 
filiform----slender, frequently wiry, but not quite thread-like (somewhat coarser than 
capillary) . 




gynecandrous spike (or spikelet)-Qne with pistillate flowers at apex and staminate 
flowers below (see also androgynous). 
hispid-covered with stiff hairs or bristles, thus apparently harsh and rough surfaced. 
hispidulous-covered with minute stiff hairs. 
hyaline-colorless or translucent, usually also thin. 
hypogynium---a basal "cup" in which the achenes of Scleria are borne (Fig. 3, V). 
hypogynous-a flower with all other flower parts (stamens, perianth, etc.) attached 
below the pistil (gynoecium). 
imbricate-Qverlapping, more or less like shingles on a roof (Fig. 3, B) . 
impressed-sunken below the surface. 
inflorescence-the total aggregation of spikes (or spikelets), their supporting pedicels 
and subtending bracts, of a single Cyperaceous plant. 
involute-inrolled, as the margins of a leaf rolling or bending in toward the midrib of 
the upper surface of the leaf (see also revolute). 
lanceolate-a narrow flat-surface shape, broadest below the middle and rather gradu-
ally narrowed to apex (Fig. 3, L-3); compare with ovate and oblanceolate. 
lax-loose-spreading, not stiffly erect; when applied to inflorescences this term indi-
cates that the individual spikes or spikelets are rather widely separated from each 
other. 
lenticular-biconvex (Fig. 3, M-1). 
ligule-the upward-projecting portion of the leaf-sheath lining visible at the mouth 
of the sheath and across the base of the leaf blade (Fig. 3, X-lig) . 
moniliform inflorescence-an inflorescence which resembles a string of beads, the 
spikes (or spikelets), therefore, somewhat separated and more or less equidistant. 
monoecious-a plant bearing both staminate and pistillate flowers (see also dioecious). 
mucro-a short, sharp, or blunt projection of the midrib of a leaf or scale beyond th :~ 
margin (Fig. 3, N-4). 
mucronate-tipped with a mucro; this term should not be confused with aristate. 
nerves-the small vascular bundles visible in a leaf blade, leaf sheath, scale or peri-
gynium (sometimes also called "veins" or "ribs"). 
oblanceolate-a narrow flat-surface shape, broadest above the middle and gradually 
narrowing toward the base (Fig. 3, L-6); compare with obovate and lanceolate. 
oblong-an essentially rectangular flat-surface shape (Fig. 3, L-2). 
obovate-a wide flat-surface shape, broadest above the middle (Fig. 3, L-7); compare 
with oblanceolate and ovate. 
obovoid-a solid object, such as an achene or spikelet, having an obovoid profile. 
obtuse-abruptly blunt-pointed or rounded at the apex (Fig. 3, N-2). 
orbicular-almost circular; a flat-surface shape (Fig. 3, L-8). 
ovate-a wide flat-surface shape, broadest below the middle (Fig. 3, L-4); compare 
with lanceolate and obovate. 
ovoid-a solid object, like an achene or a spikelet, with an ovoid profile. 
papiltose-the surface covered with small rounded protuberances; minutely warty. 
pedicel-the stalk on which an individual flower or spikelet is attached. 
peduncle-the common stalk on which a number of flowers or spikelets are attached. 
perfect flower-a flower containing both stamens and pistil (i.e., bisexual). 
perigynium-a modified leaf sheath or prophyll which surrounds the pistillate flower, 
and the resultant achene, in the genus Carex (Fig. 3, D, Q, S, W). 
pistillate flower-a unisexual flower containing only the pistil (gynoecium) and its 
appendages; small, abortive and nonfunctional stamens are sometimes present 
(see also staminate flower). 
plano-convex-a cross-section shape in which a flat surface is opposite to a convexly-
curved surface (Fig. 3, M-2). 
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pubescent-hairy; the surface covered with hairs. 
puncticulate-the surface minutely dotted. 
rachilla-a secondary axis in a compound inflorescence; rachillae-the plural. 
rachis-the primary axis in a compound inflorescence. 
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recurved-gradually or only partially bent downward. 
reflexed-sharply and abruptly bent downward, usually appressed against the sup-
porting stalk. 
retrorse-bent toward the base of the organ or structure to which attached. 
revolute-out-rolled, as the margins of a leaf rolling or bending in toward the midrib 
of the lower surface of the leaf (see also involute). 
rhizomatous-having rhizomes (modified and usually underground stems which are 
frequently mistaken for roots). 
rugose-with a wrinkled surface. 
rugulose-with the surface minutely wrinkled. 
scabrid; scabrous- harsh; rough-surfaced, usually due to roughening or elongation 
of surface or marginal cells. 
scales-the usually small and membranous modified leaves or bracts which subtend 
the individual flowers or achenes of the Cyperaceae (Fig. 3, C, D, P). 
sessile-stalkless, the flower or fruit (or the spikelet) apparently arising directly 
from the side or apex of the axis on which it is borne. 
sheath-the tubular basal portion of the Cyperaceous leaf, the portion which surrounds 
the culm (Fig. 3, U, X-sh). 
spathifof'ffl,-like a spathe (a broad more or less clasping leaf-like structure). 
species-a kind of plant; note that both the singular a11d plural form of this word are 
spelled alike. 
spike; spikelet-the compact aggregated clusters of Cyperaceous flowers; the term 
spike is usually used to refer to the clusters in Carex, while spikelet is more 
generally used in the other genera (although "spikelet" usually means "little 
spike," it is seldom used in this sense in the Cyperaceae). 
staminate flower-a flower containing only stamens (androecium) and their append-
ages; small, abortive and nonfunctional pistils are sometimes present (see also 
pistillate flower). 
stipitate-with a narrowed, stalk-like base which is still an integral ·part of the 
structure under consideration. 
sub-coriaceous-somewhat thickened and leathery. 
suborbicular-almost round; intermediate between elliptical (Fig. 3, L-5) and orbi-
cular (Fig. 3, L-8). 
terete-rounded in cross-sectional shape (Fig. 3, M-4). 
triangular-three-cornered or three-angled in cross-sectional shape (Fig. 3, M-3). 
truncate-with a squared or cut-off apex (Fig. 3, N-1). 
tubercle-the base of the style which is persistent on the apex of the achenes of 
Eleocharis, Bulbostylis, Rhynchospora, and other genera of the Cyperaceae; this 
is usually quite different in texture and in color from the achene (Fig. 3, G); 
compare with apiculation. 
ventral-the inner ("front" or "upper") surface of an achene, perigynium, leaf blade, 
or leaf sheath; the surface which is the nearest to the axis or culm when the 
structure under consi~eration is in an upright position (Fig. 3, 0, P-ven). 
verrucose-with a warty surface. 
wing-a lateral expansion or extension of the surface of a perigynium (Fig. 3, Q, R) 
a rachis, a rachilla or a culm. 
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REGISTER OF SCIENTIFIC NAMES 
Names of genera are printed in capital letters; species, varieties, etc., are in lower 
case. Valid species and varieties which occur in Iowa are given in regular type. Syno-
nyms and excluded or doubtfully reported species and varieties are indicated in 
italics. New scientific names proposed in this paper are printed in bold-face type. 
BULBOSTYLIS, 69, 85, 86 
capillaris, 58, 86 
var. crebra, 86 
var. pycnostachys, 86 
CAREX, 56, 69, 94 
adusta, 130, 132 




albursina, 109, 110, 133 
alopecoidea, 121 
amphibola, 109 
var. rigida, 109 
var. turgida, 109 
annectens, 120 
var. xanthocarpa, 120 
aperta, 115, 132 
aquatilis, 115 
var. altior, 115 
var. substricta, 115 
arcta, 132 
argyrantha, 98, 132 
arida, 98 
aristata, 128 
var. longo-lanceolata, 128 




var. hispidula, 130 
assiniboinensis, 110 
atherodes, 128 
var. longo-lanceolata, 128 
bebbii, 99, 100 
bicknellii, 101, 132, 134 
blanda, 110 
brachyglossa, 120 
brevior, 100, 101, 132, 134 
bromoides, 132 







chordorrhiza, 58, 112 
communis, 124 
comosa, 126, 133 
conjuncta, 121 





crinita, 58, 116 
cristata, 99 
var. mirabilis, 100 
cristatella, 99, 101 
crus-corvi, 122 
davisii, 103, 132 
deweyana, 97 
diandra, 114 
var. ramosa, 114 
digitalis, 109, 132 
var. copulata, 109 
disperma, 134 
disticha, 112 
douglasii, 55, 58, 112 
eburnea, 106 
eleocharis, 98, 112 
emoryi, 114, 115 
festucacea, 100, 134 
var. brevior, 101 
filiformis, 125 
var. lanuginosa, 126 
var. latifolia, 125 
foenea, 58, 98, 132 






granularis, 107, 108 
var. haleana, 108 
gravida, 118 
var. laxifolia, 118 
var. lunelliana, 118 
grayii, 130, 133 
var. hispidula, 130 
grisea, 109 
var. angustifolia, 109 
haleana, 108 
haydenii, 115, 132 
heliophila, 125 
hirsutella, 103, 134 
hirsutula, 103 






hystericina, 126, 133 
lystricina, 126 
inflata, 129 










var. americana, 125, 126 
var. lanuginosa, 125, 126 
ssp. lanuginosa, 126 
var. latifolia, 125 
laxiculmis, 109, 132 
var. copulata, 109 
la.xiflora, 110 
var. bland.a, 110 
var. gracillima, 110 
var. latifolia, 110 
var. striatula, 110 
var. varians, 110 
leavenworthii, 117, 133 
leptalea, 105, 133 




lupulina, 130, 133 
var. bella-vHla, 133 
var. pedunculata, 130 
lurida, 129 
var. parvula, 129 
macounii, 133 
meadii, 108 
var. bebbii, 108 
michauxiana, 133 
mirabilis, 100 
var. perlonga, 100 
molesta, 99, 101 
monile , 128 
muhlenbergii, 117, 133 
var. enervis, 117 
muricata, 133 
muskingumensis, 98 
normalis, 99, 100, 133 
oligocarpa, 107, 109 


















retrorsa, 129, 133 




var. pusilla, 120, 121 
var. radiata, 120 
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rostrata, 129 
var. utriculata, 129 




var. minor, 133 
setacea, 120 
var. ambigua, 120 
setifolia, 107 






stellulata, 98, 133 




var. laevivaginata, 121 
straminea, 133 
var. alata, 132, 134 
var. aperta, 134 
var. brevior, 101 
var. crawei, 101 
var. cristata, 99 
var. echinodes, 100 
var. ferruginea, 99 
var. festucacea , 100 
var. hyalina, 134 
var. meadei, 101 
var. mirabilis, 100 
var. tenera, 100 
var. typica, 101 
stricta, 114, 115 
var. angustata, 114 
var. decora, 115 
var. strictior, 114 
strictior, 114, 115 





var. echinodes, 100 
teretiuscula, 114 
var. prairea, 114 
var. ramosa, 114 
tetanica, 108 
var. meadii, 108 
texensis, 120 
tonsa, 58, 125 
torta, 134 
tribuloides, 98, 100 
var. bebbii, 100 
var. cristata, 99 
var. moniliformis, 99 
var. reducta, 99 
triceps var. hirsuta, 103 
var. smithii, 134 
trichocarpa, 126 
var. aristata, 128 
var. deweyi, 128 
149 
150 
var. imberbis, 128 
var. laeviconica, 128 
trisperma, 134 




var. tonsa, 125 
u triculata, 129 
varia, 124 
var. pedicellata, 124 
variabilis var. altior, 115 
vesicaria, 128 
var. monile, 128 
vulpinoidea, 120 
xanthocarpa, 120 
var. annectens, 120 
CLADIUM, 69, 134 
mariscoides, 135 
CYPERUS, 56, 68, 70 
acuminatus, 71 
aristatus, 71 
var. inflexus, 71 
arundinaceus, 69 
bushii, 71, 72, 73 
densicaespitosus, 76 
diandrus, 73 
var. castaneus, 73 
engelmanni, 72, 74 
erythrorhizos, 72 
var. pumilus, 72 
esculentus, 71, 74 
ferax, 73, 74 
ssp. speciosus var. 
squarrosus, 74 
feTTtLginescens, 73, 74 
filiculmis, 72 
var. macilentus, 72, 73 
flavescens, 74 
inflexus, 71 
michauxianus, 73, 74 
odoratus, 73, 74 
var. squarrosus, 73 
phymatodes, 71 
pumilus, 76 
refractus, 7 4 
rivularis, 73, 74 
schweinitzii, 71, 73 
speciosus, 73, 7 4 
var. ferruginescens, 74 
var. squarrosus, 73 
strigosus, 55, 72, 74 
var. capitatus, 72 
var. compositus, 72 
var. robustior, 72 
tenuifolitLS, 76 
DULICHIUM, 68, 69 
arundinaceum, 69 
spathaceum, 69 
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ELEOCHARIS, 56, 69, 86 
acicularis, 88 
acuminata, 88 
atropurpurea, 90, 93 
calva, 90, 91, 92, 93 
capitata var. verrucosa, 90 
coloradoensis, 90 








macrostachya, 90, 91, 93 
mamillata, 90 
obtusa, 91 
var. engelmanni, 92 
var. lanceolata, 92 
olivacea, 93 
ovata, 91 
var. engelmanni, 92 
var. obtusa, 91 
palustris, 90, 91 
var. calva, 91 
var. glaucescens, 91 
var. vigens, 90 
parvula var. anachaeta, 90 
paucifiora, 87, 133 : 
var. fernaldii, 58, 87 
pygmaea, 90 
smallii, 90, 91 
tenuis, 90 
var. verrucosa, 90 
wolfii, 58, 88 
ERIOPHORUM, 69, 84 
angustifolium, 84, 85 
var. majus, 84 
cyperinum, 81 
var. brachypodum, 84 
gracile, 85 





FIMBRISTYLIS, 69, 76, 85 
autumnalis, 58, 85, 86 




FUIRENA, 68, 134 
squarrosa, 134 
HEMICARPHA, 69, 76 
drummondii, 76, 77 
micrantha, 76 
var. drummondii, 76 








RHYNCHOSPORA, 69, 93 
capillacea, 93 
RYNCHOSPORA, 93 
SCIRPUS, 56, 69, 76, 77, 85 
acuminatus, 88 
acutus, 79 
americanus, 78, 84 
var. polyphyllus, 78 
atrocinctus, 84 
var. brachypodus, 84 
var. grandis, 82 
atrovirens, 80 
var. georgianus, 80 
var. pallidus, 80, 81 
autu111nalis, 85 
campestris, 79 




var. andrewsii, 81 
var. brachypodus, 84 
var. condensatus, 81 
var. eriophorum, 82 
var. laxus, 82 
var. pelius, 81 
var. rubricosus, 58, 82 
eriophorum, 82 
var. andrewsii, 81 
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var. condensatus, 81 
var. cyperinus, 81 















paludosus, 58, 79 
var. atlanticus, 80 
paucifloTUS, 87 
pedicellatus, 82 
var. pullus, 82 
pungens, 78 




thrysiflorus, 81, 82 
torreyi, 55, 58, 78 
validus, 79 
var. creber, 78, 79 
-f. megastachyus, 79 
SCLERIA, 56, 69, 93 
triglomerata, 93 






Abbott, Wilton Robert, 3 
Anders, Ardath Anna, 6 
Anderson, J. P ., 363 
Becker, Elery R., 237, 351 
Bowring, James R., 9 
Brouns, Richard J ., 335 
Brown, George W ., 245 
Calhoun, M. Lois, 12 
Chao, Tsai S., 287 
Chinn, Stanley H. F., 15 
Diehl, Harvey, 271, 278, 287, 311, 316, 326, 
335 
Ehmke, Dorothy Ann, 18 
Fling, Marguerite, 21 
Frye, Jennings Bryan, Jr., 24 
Fuhrmeister, Caroline, 237 
Fulmer, E. I., 251 
Gallagher, Peggy L., 351 
Gilly, Charles L., 55 
Hach, Clifford C., 278, 287, 316 
Hammer, Averill John, 29 
Harrison, George C., 278, 287, 311, 335 
Holdren, Robert Franklin, 33 
Isely, Duane, 153 
Kooi, Earl R., 36 
Liggett, Lawrence M., 278, 287, 316. 326, 
335 
Martin, George A., Jr., 38 
Massie, Samuel Proctor, 41 
Murley, Margaret R., 229 
Oman, P. W., 161 
Snedecor, George W., 245 
Taylor, Jane, 237 
Tolman, Leo Loveland, 46 
Tuller, Elizabeth Folger, 49 
Underkofler, L. A., 251 
Waidelich, D. L., 51 
[425] 
SUBJECT INDEX 
Acetobacter suboxydans, oxidation of 
polyhydric alcohols by, 251 
Alaska, flora of, VI, 363 
Alfalfa, seed characters of, 153 
Amino acids, preparation of and effect on 
growth of Lactobacillus arabinosus, 21 
Antimalarial agents, fluorine and sulfur 
quinoline derivatives as, 46 
Apocynum in Iowa, 229 
Apples, interpretation of chemical and 
biological analysis of vitamin C in, 6 
Auchenorrhynchous homoptera, types of 
in Iowa State College collection, 161 
Bulbostylis, 86 
Butanediols, 2, 3-, production of by fer-
mentation of starch, 36 
Butter 
influence of soybeans on flavor of, 24 
non-lactose fermenting yeasts from, 15 
Calcium, in blood, effect of pork diet on, 
18 




Circut, rectifier filter, 51 
Clay, water-soluble materials in, 29 
Cobalt compounds, oxygen-carrying, 
studies on: 
I. Oxygen-carrying metallo-organic 
compounds. Their use in the manu-
facture of oxygen, 271 
II. Methods of preparing bi- (disalicy-
lalethylenediimine) -µ-aquo - dico-
balt, co-ox, 278 
III. Composition and chemical proper-
ties of bi- (disalicylalethylenedi-
imine)-µ-aquo-dicobalt, co-ox, 287 
IV. Reaction of disalicylalethylenedi-
imine and cobalt chloride under an-
hydrous conditions, 311 
V. Di- (2-hydroxy-3-methoxybenzal) -
ethylenediimine cobalt. 3-nitro 
co-ox, 316 
VI. Di- (2-hydroxy-3-methoxybenzal) -
ethylenediimine cobalt. 3-methoxy 
co-ox, 326 
VII. Di- (2-hydroxy - 3 - ethoxybenzal)-
ethylenediimine cobalt and higher 
3-alkoxy analogues. 3-ethoxy co-ox 
and co-ox ss, 335 
Colloids, coagulation of by electrolytes, 
49 
Costa! marrow, cytological study of, 12 




influence of soybeans on flavor of. 24 
non-lactose fermenting yeasts from, 15 
Curve fitting, 245 
Cyperaceae, register of scientific names, 
148 




Diet, in Canada, economic problems of, 9 
Dulichium, 69 




Fimbristylis, , 85 
Flora of Alaska 
VI. Crassulaceae to Fabaceae, 363 
Fluorine, as antimalarial agent, 46 
Four-terminal networks, transient re-
sponse of, 3 
Fulgoroidea, 210 
Fungi, non-lactose fermenting yeast-like, 
from cream and butter, 15 
Grossulariaceae, 375 
Hemicarpha, 76 
Horse, cytological study of costal marrow 
of, 12 
Iowa clays, 29 
Lactobacillus arabinosus, effec.t of amino 
acids and derivatives on growth of, 21 
Meat, pork diet, effect on blood concen-
trations, 18 
Medicago, seed characters of, 153 
Membracidae, 163 
Methylfuran, 2-, production and reactions 
of, 33 
Milk, influence of soybeans on flavor of, 
24 
Networks, four-terminal, transient re-
sponse of, 3 
Nitrogen and sulfur, as therapeutic 
agents. high-molecular weight com-
pounds of, 41 
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SUBJECT INDEX 427 
Nutrition, meat in, 18 
Pantothenate deficiency, effect on Try-
panosoma lewisi infection in rat, 237 
Plasma protein, in blood, 
effect of pork diet on, 18 
Polyhydric alcohols, oxidation of by 
Acetobacter, 251 
Rat, Trypanosoma lewisi infection in, 237, 
351 ' . 
Rats, effect of pork diet on blood of, 18 







Sodium salicylate, prolongment of repro-
ductive phase of Trypanosoma lewisi 
by administration of, 351 
Soybeans, influence on flavor of milk, · 
cream, and butter, 24 
Starch, production of the 2,3-butanediols 
by fermentation of, 36 
Sulfur, aromatic compounds, rearrange-
ment reactions of, 38 
Sulfur and nitrogen, as therapeutic 
agents, high-molecular weight com-
pounds of, 41 
Sulfur quinoline, as antimalarial agent, 
46 
Trypanosoma lewisi 
infection in rat, 237 
prolongment of reproductive phase of 
by administration of sodium salicylate, 
351 
Urea nitrogen, in blood, effect of pork 
diet on, 18 
Vitamin C, in apples, "interpretation of 
chemical and biological analysis of, 6 
Water-soluble materials, in clay, 29 
Yeasts, non-lactose fermenting, from 
cream and butter, 15 
